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CINEM ANALYSIS: A METHOD OF BEHAVIOR STUDY* 

From the Yale Clime of Child Development 


Arnold Gesell 

The cinema makes available for study (a) the bchavioi moment, 
(h) the behavioi episode, and (e) the developmental epoch. The 
behavior of the human infant is fundamentally oidercd by ascer- 
tainable, though poorly undeistood, laws of giowth. Behavior is 
moulded into charactei istic forms by viitue of these laws of growth. 
And such forms, whether statically or dynamically regarded, may 
be investigated from the standpoint of a developmental morphology. 
Cinematographic methods are indispensable for such investigation. 
Elsewhere we have indicated the gencial significance of cinema data 
for comparative and genetic studies (1-4), The present paper deals 
more specifically with tile principles of cinemanalysis. 

It is interesting to recall that the development of cincmatoginphy 
has been closely associated with an interest in the problems of animal 
and of human motion This is the centennial year of photography. 
In 1834 Pagucnc announced the fundamental process which lies at 
the basis of the cinema The study of motion was necessarily 
delayed because to make a single exposure on one of Daguerre’s 
metal plates consumed fully 20 minutes of time. But in 1861 
Sellars, an ingenious inventor of Philadelphia, was using a moie 
neaily instantaneous photogiapluc process to take % sciies of pic- 
tures of his son in the act of driving a nail These pictures repre- 
sented successive phases of a behavioi event. By placing the indi- 
vidual photographs on a paddle-wheel device, he reproduced the 
impression of motion. The paddle wheel was moie or less on the 
principle of numerous optical toys, variously named kinetoscopc, 
phasmatiope, stroboscope, zoe trope, zoopraxascopc, etc They were 
peep-show, whiil-a-gig devices, one of them was called the Wheel 
of Life. 

In time they proved to be more than tovs Miles (6) has given 
us an intei esting account of the motion study laboratory set up at 
Palo Alto in the later enviions of Leland Stanford Junioi Uni- 

*Bnged on n paper read nt the First Biennial meeting of the Society for 
Research in Child Development at Washington, D, C 

3 
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versitv This laboratory was the result of the senior St.uifoul's keen 
inquisitiveness about the details of the stride of a Kallo|>in K horse 
He had a breeder’s interest in the problem. He enlisted the ser- 
vices of Eadweard Muybridge. Muybiidgc, with the help of Jolm 
Dove Isaacs, a mechanical engineer who devised the electrical equip- 
ment, erected a row of 24 cameras parallel to a running field across 
which the race horse galloped. Twenty-four double focal-plane 
shutters, one for each camera, were released in rapid succession. 
Twenty-four wet plates were developed and 24 individual photo- 
graphs were inserted in Senator Stanford’s stroboscope. 

In the early 90’s, as a result of the combined cRoits of ICdison and 
of Eastman, such successive photographs were for the fust time made 
upon a continuous flexible film which was projected in successive 
flashes upon a motion picture screen. Silent cinematography had 
arrived. Still later sounds and speech were incorpoiatcd into the 
cinema film 

This remarkable technological advance has made cinematography 
a powerful instrument for scientific investigation. For example, 
eight feet of 16-mm. film embodies 320 individual, seriated photo- 
graphs or frames, recording and reproducing 20 seconds of behavior. 

Cmemanalysis consists in an analytic study of such individual 
frames or chronophotographs, A chronophotograph may be de- 
fined as one of a series of photographs of a moving object taken for 
the purpose of recording and exhibiting successive phases of motion. 

Cincmanalysis, as a method of investigation, is made possible by 
five fundamental features of technique, as follows: 

1. The film being propelled at a known speed minutely records 
time values and sequences, 

2 Simultaneously and also minutely the film records space re- 
lationships and configurations. 


3‘ t ^he film records these spatial and temporal data in a scries 
of discrete, instantaneous registrations, 

4. These registrations can be serially reinstated at normal, re- 
tarded, and accelerated rates. 

5. Any single registration can be individually studied, in terms 
time an space, as a delineation of a single phase of a behavior 

pattern or a behavior event. 

These five propositions are extremely simple but thcii mcthodologi- 
m plications for objective behavior study arc fai reaching. Wc 
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can xllusti ate these implications on three levels of analytic obseiva- 
tions: (1) Slow Motion Study. (2) Selective Pattern Phase Analy- 
sis (3) Minute Pattern Phase Analysis 

For the sake of concictcncss out comments will be duected to 
actual denionstiation matenals, indicated by the accompanying illus- 
tiations. 

1 S/rnv Motion. (A slow motion picture of a pan of infant 
hands, manipulating a cube, was shown See Figuie 1.) This 



FIGURE I 

Two Frames Shected trom a Si ow-Motion Cinjma Record, Dfpicjino Tin 
'Iransfer of A Cudl HY A 36-YVcrkS-Oi » Ini AN r 

pictme delineates the patterns of manipulation in slowed motion 
In the onginal record 32 “chionophotographs” were taken each 
second These frames aic piojcctcd, howevei , at the rate of 16 pci 
second, giving an impression of deliberate motion Eighteen seconds 
of behavior arc shown in 36 seconds of time. Slowed motion is, in 
a sense, a method of cinemanalysis It peimits a more intimate and 
more complete view of any pattern of motion. You can indeed sec 
more deeply than with the unaided eye, And of couise you can sec 
the same film twice, thrice, or a score of times With this tech- 
nological reinforcement you arc at a great advantage, for without 
the cinema you can see the living child perform a given act only once 
But even slowed motion is too elusive The only successful way to 
study motion is to stop it But the stoppage of a film moving 
through the channel of a projector presents mechanical difficulties 
and practical inconveniences which are not altogether overcome by 
a moviola The stilling devices of a commeicinl projector proved 
unsatisfactory foi laboratory analysis. It was awkward to work 
with images on an upnght sciecn For systematic study it was 
neccssaiy to make the images more accessible and to bring them undet 
moie intimate conti ol 
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These needs have been met by a tick tj |.c of p.njn.n, .U-i i .!« .1 
by Halverson (5) Our latest model of tins desk Ryan, em- 
bodies several mechanical tcatu.c, wind, mu ease the llesdnlm „l 
cinciwutMi. Each frame is automatically r,'R,slm',l In .mint.', 

as ,t passes tluougll the projector Till, pmjectm tan 

continuously by motor in font, nil or levels,' Oi it i.m he upei.ne.l 
mtermittently bv hand, forwaid and .evc.se, at sl.m fast ,al,s 
Tbe imiure ,s niojccted upon a riouimI glass window „l the s|„|„n" 


desk Tins permits convenient inspection. 

Once the film is m the piojectoi, the opcrat.n ma\ Uvv/v m 
activate the behavior to suit Ins observational fancy (ami obtUMUH >0 
The behavior vtcoid becomes as, pliant to dissection as a pivu 1 of 
tssuc Any phase 01 strand of behavioi nuv In* imposed in view 
If the view is an intricate one it may he repeated nummuK l nms 
without m any way damaging the original round Here tin' di'-aa- 
tion of behavioi forms has a striking advantage over .malomnal 
dissection Bodily tissue suffers from the scnlpL‘1, but tin* inn i^iih 
and conformation of behavioi cannot be destroyed bv lcpcaied ob- 
servation A behavioi foim can be dissected ovei ami mn ogam 
m increasing detail without loss of form 
If one projects the individual fiamcs (chionophotogi aphs) on tin 
projection desk at the late of one pci second, one gets a siauatn 
succession of intermittent stills. If two fiaines pci set mid ui*‘ pm 
jeeted, one gets an illusion of slowed hut confluent motion 'I hu 
rate gives one a good analytic grip on the data undn ohsnv.ition 
When the grip f alter s, one simply icvciscs the uank and then 
views the sequence again. 


i i \ ji 1 1 


This type of slowed motion should of coui sc be distingue 
the type of slow motion wluch has already heen illustrated Slow- 
motion photography is based upon an incicase in the numbei of 
individual frames iccoided per second. Such multiplication of 
frames therefore incicases the minuteness of the original icuml In 
the physics laboratoiy the astounding numbei of 6,000 disi ietc ex- 
posures per second has been attained. The ordumiy pinhle.ns oi 
behavior analysis do not require such a dcgiec of icf moment Six- 

teen frames per second furnish an almost inexhaustible detail of 
behavior delineations. Foi intensive expci uncntnl small ms, de- 
pending on the nature of the piohlem, the numbei of fi.mics pei 
second can be profitably increased 
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2. Selective Behaviot Pattern Phases. It is now evident that in 
degree of detail cinemanalysis can be adjusted to suit the require- 
ments of the problem in hand and the interests of the ohservcr. For 
cinemanalysis, it must not be forgotten, is a method of obseivation. 
Because of the very comprehensiveness of the data under scrutiny, 
the observer must finally select those phases which aie pertinent to 
his investigation of the morphology or of the dynamics of behavior 

For illustiation, consider 20 seconds of the behavior of a 20-wccks- 
old infant. The infant has been normativcly selected He lies 
supine. The examiner, with standardized procedure, slowly brings 
a rattle above the infant’s chest to elicit visual fixation and pie- 
hensory factions The behavior episode is fully recorded in 8 feet 
of 16-mm. film which at normal speed can be observed in 20 seconds. 
In one houi of actual observing duration, it could be seen 180 times. 

Depending upon the kind and amount of observation expended, the 
behavior episode may be desciibcd in a single phrase, in a single sen- 
tence, oi in a single paiagiaph, oi in several paragiaphs, or in an 
exhaustive inventory of detailed analytic items. In the pictorial 
delineations of /. In Atlas of Infant Behavioi (4) a behavior situation 
of this type is depicted in eight selected cinema fiamcs, correspond- 
ing to eight salient pattern phases of the entire behavior episode. 
This series of eight photographs, together with the associated text, 
reconstructs the essential features of the infant’s behavior. The text- 
ual description is reproduced below; 

RATTLE SITUATION 20 0 seconds 8 phases 

A 0 25 seconds Rattle is ft esented in midplane over chest, 

0 25 Infant lies supine, head in midposition, trunk straight, 
arms flexed, closed hands engaged on chest; legs acutely 
flexed in outwaid rotation, feet in contact 2 inches above 
platfoim Regards mule. 

B 4 25 seconds Lifts foieaims ovei chest, opening hands, fin- 
gers in contact 3 25 Turns head half right, swinging 
shoulder town id light and pelvis town id left, legal ds sur- 
roundings 5 75 Closes right hand, 6 0 Turns head to mid- 
posrtion , straightens shoulders, pelvis rematntng deviated 
to the left, Regards rattle 7 0 Scim-extends arms over chest, 
hands rn contact. Yawns 

C 9.0 seconds Sepaintcs hands, scmi-extcnding aims verti- 
cally in lateral chest zone, opens right hand 10 75 Scmi- 
extcmls right arm headward on platform. 12 25 Semi- 
extends arms medially over chest, hands approaching rattle 
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D 13 0 seconds Grasps rattle in right hand, fl«nig fingers 
over handle; dorsum of left hand touches PrIiI hand 
13 7S Extends left arm somewhat medially over abdomen, 
hands separating 14, 25 Scmi-cxtends right arm laterally, 
forearm lifted slightly above platform, 

E 1475 seconds. Turns head half right, turnup ihoiildcri 
toward right, pelvis deviated toward left. 
f 15 75 seconds, Seim-cxtends left arm medially across ihest 
toward rattle in right hand, 16 25 Hexes right arm, lift- 
ing forearm vertically in lateral chest zone. 16 75 Hands 
engage over right chest. 

G 17 75 seconds. Flexes arms, directing forearms medially over 
chest and lifting ralllc to mouth Regards u»r * moult ngs 
19 0 Holds rattle over chest; turns head to malposition 
19 5 Straightens shoulders, pelvis deviated to left Regards 


rattle. 

H 20.0 seconds. Separates hands, lifting right forearm ver- 
tically in lateral chest zone, opens right haiul, dropping 
rattle between knees, seml-extends left arm medially ovci 
abdomen, hand on left knee. Regards Examiner (20 fter ) 

The foregoing text, in conjunction with the eight dclmcativc pho- 
tographs, gives us a relatively complete picture of the entire lieluvior 
sequence. If the investigator had chosen to explore only one aspect 
of the behavior, like visual regard, head movements, or leg activity, 
he would still have used the same method of selecting significant 
pattern phases. The detail and thoroughness at such ‘•election vrouU' 
depend upon scientific objective and practical convenience. 

3. Minute Pattern Phases. In order to demonstiatc the wealth 
of behavior content which is contained in a single situation, rve have 
made a frame-by-frame analysis of this particular cinema tccotd. 
The 16-mm. film for 20 seconds of behavioi is eight feet long and 
consists of 320 frames. Each frame was individually inspected with 
regard for every member of the body. Behavior pattern phases weic 
determined for head, eyes, mouth, right arm, right hand, right fingcis, 
left arm, left hand, left fingers, thorax, pelvis, right leg, light 
oot, right toes, left leg, left foot, left toes. For pm poses of classifica- 
tion, these behavior phases fell into three categories: (rt) a initial 
p tase m which the member is at lest or undergoes a complete shift 
or rt\ersa o movement, (i) a Itmetic phase when the movement is 
un er way, (c) a phase of resolution or culmination when tins pru- 
ttcuiar movement is completed or resolved. 
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FIGURE 2 

Eight Frames (CimoNOPiiorooRAi'ns), Dliini/uinc Eichi Piiasis oi Ivven- 
rv CoNsicunvi bi conns or BniAViim 

These are as follows (leading the pictuies fiom top to bottom), A , 0 25 
seconds, li, 425 seconds, C, 90 monds, D, 13 0 seconds, £, 14 75 stcoruls, 
l, 15 75 seconds, G, 17 75 seconds, H, 20 0 seconds 

This analysis yielded a total of 360 pattern phases, which aic 
tabulated in Tabic 1 foi each of the 17 body members and each of 
the 20 seconds, Even the baic table foi this buef intei val of he- 
havioi discloses ccitain dynamic ttends To dctciinmc pattern 
chaiactciistics, howevei, it would he nccessaiy to study the data in 
scattei diagram au,iv v m time-space teims, and ascet tain, the se- 
quences, synch ionization, and duections of movement The baie 
figiucs aic pi c sen ted hcie, without mteipictation, simply to show 
the sti iking degiee to which cmemanalvsis can augment the scope 
and the ccititudc of observation A total of 360 behavior data with- 
in a time span of 20 seconds attests the icfi.ictive powci of uneina- 
nalvsis as an .ml to scientific obsci ration, 
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TABLE 1 ( Continued ) 
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Phases (r) resolutionlO 
Totals 24 
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i FIGURE 3 

j A Plcroimr SUtfHARV OF ClNEMANAEYSK PROCEDURES 

This shows, (1) photographic observation and retoiding dome by which 
the cinema records were secured, (2) a specimen section of II frames fiom 
a lfi-rnm. mema recoul; (3) the analytic 1 projection desk for the study of 
the records, (+) tray in which reels are filed and carried, (5) n single 
reel with take-up ml re,idy for insertion in analytic disk, (6) .i double 
spindle rack for give and take reels, assembled foi serial oi comparative 
study; (7) a specimen lccord of a behavior pattern analysis, (8) a diagram 
of a supine infant (upper left hand corner), showing behavior pattern 
phases for the four body segments, as detailed in the text, namely I, Head, 
If, Upper limbs. III, Trunk, IV, Lowei limbs 

The diagram, Figuic 2, gives a further indication of the piodigious 
complexity of behavior events when they aie placed undci the high 
poUer of franic-by-fiiimc analysts, The bchaviot components ate so 
numerous that they attain statistical magnitudes in a vciy btief inter- 
val The diagram divides the activity of the infant mt|> four be- 
havior Segments; I Head, II Upper Limbs, III Trunk, and IV 
Lower Limbs Wc find that the pattern phases distribute them- 
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selves with reference to these segments as follows. I head 13, eyes, 
44, mouth 9, total 66, II right arm 40, right hand 34, right fingers 
29, left arm 34, left hand 36, left fingeis 34, total 207; III, thorax 
8, pelvis 5, total 13; IV. right leg 7, right foot 9, right toes 12, 
left leg 7, left foot 18, left toes 21, total 74. Grand total 360. 

It is not suggested that the multiplication of analytic minutiae will 
in itself advance our comprehension of bchavioi But it can be safely 
stated that there aie fundamental problems of behavior form and 
behavior dynamics which will not be solved until we systematically 
penetrate those minute manifestations which are made visible only 
through the microscopy of cinemanalysis. 
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L’ ANALYSE CINLMATOORAPIIIQUE UNE MfiTIIODE DE L’liTUPE 
DU COMPORTEMENT 
(R6sum£) 

L’ analyse cmdmatogi a plaque cst unc mdtliodi fond amenta Ic pour 1’observa- 
tion ct l'fctude tits phcnomencs du eomporttment Le film cinimatographiquc 
cNle des donnccs moiphogrnpluqucs pom I’etutk (a) d’un seul moment du 
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comportment, (*) d'un £ P , S ode entier tfu cntnpo rtement; (0 dW suc- 
cession ^vetoppementale ou cycUque. A 'aide d'un bureau spiciahment 
construit qui comprend un projected op£r4 & la main (et mis en marchc 
pur uu moleur), il eat possible de restaurer en s*ne lea phases enregiBtrica 
du comportement ft des vitesses normales, retard^ et accflWeB, La pos- 
sibility d'une inspection tiptoe du comportment original donrte un poiivoir 
unique de dissection 4 cette methods. On pent ^tudicr lea enr egist rente nts 
du comportment ft trois niveaux d'analyse. (1) la motion ralcnticj (2) 
1’ analyse aflective des phases des formes, (3) 1 analyse rninuticnse dca 
phases des formea, Lea prfnclpes gen^raux de 1 analyse ctn^matogrnp}tic[ire 
4 ces trois niveaux sont illustr<ls par des chronophotographiea et un dia- 
gramme, Ymgt sccondes du coni po rtement aont analyseea en detail dans 
an cliche nprfts 1’autre, cidant un total global de 3dO phases dc formes, 
Ces phases aont r£sum£es avec de courtcs observations pour indiqucr la 
pdri^ tr nbifitd microscopique de I’analyse cin^mstographiquc Ln methode 
est indispensable pour I’lnvestiga tion des problftmes fondnmentaux dana 
la dynamique et la morphologic de la forme du comportment. 




KINEMATO ANALYSE: EINE METHODE ZUM STUDIUM DES 
VERHALTENS 
(Referat) 

Kinematoanalysc ist ehne Grundmethodc zur Beobnchtung und zum 
Studium des Verhaltens. Der Kinematofilm versohallt morphographischc 
Daie/i rum Studium cities (a) cinzclncn Augenblitka des Yerhaltens, (b) 
einer ganzen Verhaltungsepisodej (r) einer Entwi drivings- nder zyklischcn 
Reihenfolge, Vexmittelst tinea besonders gebauten Pultes, der cinen linnd- 
bmirkten (auch mit Motor vcrschen) Projekdonsapparat besitzt, ist ca 
moglieh, die air/genommenen Verhaltimgsphasen zu normalen, gchemintcn, 
und beschleunigten ^ Gesehvvmdjgkeiten reibenwetse wiederzugeben Die 
Moghdikelt einer wiederholten Betrachtung des ursprunglichen Vcrhnltens 
vcrleiht dieser Methode einmnlige verlegende Kraft. Verhaltnngsuufnahmcn 
kdnncn bei drei Niveaus der Analyse studiert werden. (1) bi verlang- 
sqmter Bevvegimg; (2) bei a imva hinder Musterphasenanalysc , (5) bei 
kleiner My sterpha sen analyse Die allgemeitien GrundsdLze der Kmemato- 

analyse anf dicsen drei Niveaus werden durch Chronophotogrnphien und 
Diagrampie iHustriert Zwanzig Sekunden de3 Vcrhaltens werden Bild um 
Bdd m allem Detail analysiert, was title Gesamtsinnnie von 3tf(j Muster- 
phasen ergibt, Diese Phasen werden mit einer kurzen Anmerlrung 
milcroskopischen Eindringung der Kinematoonalyse ziisnmmengefasst Die 
Methode ist zur [inter suchung der Grundprobleme in der Dynamik und 
Morpholog/e des Verhalttingsmtisters unentbehrlich 
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THE EFFECT OF RESTRICTED PRACTICE UPON THE 
REACHING, SITTING, AND STANDING 
OF TWO INFANTS* 2 

From the Psychological Laboratory of the University of Virginia 


Wayne Dennis 


Introduction 

Except when he is asleep, the young uifant is almost continually 
active There are those who would have us believe that this activity 
contributes almost nothing to the child’s behavioial development, 
and that new items of behavior make their appearance as the result 
of something called maturation. 

The simplest way of testing this theory would be somehow to 
keep the infant inactive. This would involve the use of diugs in 
a manner analogous to Carmichael’s experiments upon tadpoles 
Obviously, such an experiment cannot be perfoimed. However, it 
is quite practicable to prevent the occurrende of cet tain kinds of 
activities One can deprive the infant of all objects for which he 
may i each, or one may refuse to place him in a sitting or standing 
position, and one may find the lesult of such deprivation of normal 
activities upon what Watson lias called the stream of behavior. 

The piesent paper reports such a study. Mrs Dennis and I 
reared two infants from the end of the first to the end of the 
fourteenth calendar months of life under conditions of full experi- 
mental contiol Oui full study is to be reported in a series of 
papers of which this is the hrst member (Foi related matcnal, see 
lefciences 1, 2, 3), The piesent lepoit is restricted to the study 
of grasping, sitting, and standing 

^Accepted for publication by Carl Mutchison of the Editorial Board and 
received in the Editonal Office, Febiuary 8, 193 S 

This paper, in abbreviated form, was read before the Southern Society 
for Philosophy and Psychology at Birmingham, Ala, March 30, 1931- 

3 I wish to acknowledge the aid of the Institute for Reseaicli in the Social 
Sciences of the Umveisity of Virginia, which was indispensable to this 
research It will be obvious from the text that Mrs Dennis was also an 
indispensable factoi He i contribution was something considerably gi eater 
than the care of the infants but I cannot induce hci to become the co-author 
I wish (o txpiess my appieciation to Dr L T Royatei and to Miss Rose 
Williams of the Umvcisity of Virginia Hospital foi theii many kindnesses. 
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Subjects and Procedure 

Our subjects were fraternal twins, but the relationship of the 
infants is not an important part of the study Our original plan 
envisaged the use of only one subject, but the first inquiry for a 
subject to the Social Service Department of the University of Vir- 
ginia Hospital revealed an opportunity to secure a pair of non- 
identical female twins The proffered twins were accepted because 
they enabled us to double the number of our subjects with con- 
siderably less than a doubling of cost and care. Thus the twin 
relationship of the subjects was, from the standpoint of our prob- 
lem, purely accidental 

Their parents are of North-Euiopcan ancestry. The father is 
a taxi-driver The mother, while at present unemployed, has been 
a saleswoman in department stores The father has no other chil- 
dren, the mother has two children by a foimei husband and these 
children are normal American urban children We were able to 
obtain the babies as subjects because the father failed to provide for 
them. The mother undei stood that we offered temporary care of 
the twins in return for the privilege of studying them She under- 
stood the nature of our studies, and was most cooperative throughout. 

The twins were horn in the University of Virginia Hospital 
where they remained for eight days. They were then taken to the 
home of relatives. On the 36th day they were removed to a room 
in our own home which was especially prepared for the expci iment. 
They remained either in this room or in a similar one in a summer 
cabin until the 428th day, or the end of the fourteenth, calendar 
month of age (the end of the fifteenth lunar month) The children 
were born January 19, 1932, and the experiment ended March 22, 
1933 

The diet of the subjects was chosen with the advice of Dr L. T 
Royster of the Pediatrics Department of the University of Virginia 
Hospital. During the early months the diet of the twins consisted 
of lactic acid milk, which was kindly prepared for us by the Hospital 
staff, and of orange juice, Soup, cereal and strained fruits and 
vegetables were introduced gradually during the seventh 'calendar 
month, 

Although the twins were taken from their room very seldom, sun 
baths were given them daily before an open window, and their skin 
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was tanned throughout the experiment Cod liver oil and haliver 
oil weie given occasionally but not daily. A daily seiving of orange 
juice was given throughout the experiment. Diphtlieua toxoid was 
administered duiing the tenth calendar month but no other inocula- 
tions were applied. Throughout the experiment the babies lived 
in individual Kiddie-Koops, 40 long, 24^" wide and 20" deep 

The entire care of the infants, except for a few vacation days, 
was administered by Mrs. Dennis and myself, so that we were 
in a position to know our subjects very thoioughly, and to carry 
out the experimental restrictions which we desued. 

Every one of the restrictions upon practice was introduced at 
the beginning of the expenment but none of them was continued 
throughout the entire peiiod of the study In general, a restriction 
of practice was removed as soon as the fact was established that 
it had or had not affected the response which we expected that it 
might 

In ouler to limit activities which might lead to the development 
of grasping, no toys were introduced until the subjects were eleven 
months of age. The subjects were prevented from reaching for 
food by placing then hands undei a tightly held bib or napkin 
while thev ate Bed-clothes were absent when the room was warm 
or were tucked in so tightly that they could not leadily be played 
with when the temperature demanded then presence. 

To restrict practice which might influence sitting, the infants 
were kept almost continually on their backs in their cribs. For 
many months they were raised out of the recumbent position only 
slightly even when in the tub or when feeding Until tests des- 
cribed in later sections were made, the subjects wete never placed 
on their feet, or held upright against an adult’s chest with an 
opportunity to push their feet against the adult’s lap. 

During the first six months we kept a straight face m the babies’ 
picsence, neithei smiling nor fi owning, and never played with them, 
petted them, tickled them, etc., except for routine tests for social 
smiling and foi laughing made in the fifth month, Likewise, 
for the first six months we did not speak to the babies oi use oui 
voices in any way which might associate our vocalizations with the 
c.ue of the babies, although we spoke fjeely to eacli othei when in 
the infants’ 100 m Thereafter howevei, wc behaved more nounally, 
often talking to them and lomping with them 
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The door to the nursery was kept shut, and the babies could see 
only the persons who entered the room* Throughout the experi- 
ment the cribs were separated by a low scre'cn so. that they could 
see each other only when they were out of the cribs, ot, at a late 
age, when they we.de standing in the cribs 

The babies could see tree tops and sky through the windows of 
the room but nothing else was in their view, No pictures were in 
the room, no ornaments, callings, etc, of any kind, and no mirror. 
Of furniture there was only a table, chans, and chest of drawers 
Visitors were admitted but were required to adhere to the con- 
ditions prevailing at the time of the visit. 

Until the last few months of the experiment we conscientiously 
gave identical treatment to the two subjects. This was even car- 
ried to the 'extent of exchanging their beds each day and of daily 
alternating the baby which was to be fed by each experimenter. 
The two infants were fed simultaneously by the two cxpci imentcrs. 

While we have little information of a scientific sort concerning 
the care which American infants leceive, it is my belief that the 
deprivations of practice just outlined are greater in degree than 
those of any children from which the normative data of other 
authors have been obtained 8 

The subjects were subjected to experiments of other kinds in 
addition to the deprivations of practice just desenbed These other 
experiments will be reported separately. The}' did not violate the 
conditions laid down for the pursuit of the piescnt pioblcm, but 
the fact of their performance means that the babies were much 
busier than the preceding account in itself would indicate. 


Statistical Concepts 


The socio-economic status of the subjects, their ancestiy and in- 
heritance, are certainly repiesented in noimative studies of infant 
behavior. That is, the subjects were not selected in any abnormal 
way Tn consequence, unless someone can show them to be patlio- 


"At one time I thought I had found a ease of deprivation of practice 
equal to oura m a mountain infant, who, became of the severe winter was 
apparently always kept tightly bundled up in bed. However, upon visiUng 
the home at nursing time I found that at this time the infant was given 

te T nS /" 81ttin L s and standing. The infant developed the 
usual behavior items before the upper limits set by normative studies 
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logical, we must believe that had they been reared in a non-experi- 
mcntal American environment they would almost certainly have 
performed the usual responses within the usual age ranges set by 
normative studies. 

Evidence of their essential noimality in health and constitution 
will be presented later. If this evidence is convincing, it follows 
that any retardation of the subjects beyond the upper age limit of 
non-pathological American children in respect to the appearance 
of responses must be attributed to the experiment. In other words 
it is held that if retardation of behavioral development occurs, our 
experimental conditions have caused it. The evidence for retard- 
ation is the postponement of a response beyond the upper limit set 
by normative researches. Just what amount of retardation the 
experiment produces cannot be said because it cannot be told exactly 
when responses would have appeared under non-experimental con- 
ditions ; it can only be said that they would have occurred at some 
age between the upper and lower extremes as determined under 
non-experimental environments 

It should be understood that the amount of postponement beyond 
the upper limit which may be found does not indicate the full 
extent to which unlimited adherence to our routine care would 
have affected the subjects. As soon as it was clear that a response 
had not been developed within the usual age limits, we tried to 
establish it by training the child. Without this training, the re- 
sponse might have appeared at a much later date, or not at all 

I have spoken above as if the normal limits of the age of appear- 
ance of a given response are quite definite. This is, of course, an 
over-simplification Rather it is that slowness of development be- 
comes moie rare as it becomes more pronounced, but extensive 
studies would show a few cases four and five sigmas above the mean 
age of development of the response When the age distribution foT 
the establishment of a response follows the normal distribution 
curve, we can apply the usual statistical concepts Wc may say 
foi instance that if our subjects fall more than 2 78 sigmas above 
the mean in age of appearance of any response the probability that 
we have pioduced an experimental effect is 997 in 1,000. In sue!) 
cases wc may be reasonably certain that the results arc due to the 
experimental conditions rather than to chance selection of subjects. 
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Results 

Reaching and Grasping a Visual Stimulus Reaching and grasp- 
ing cannot be removed entirely from the influence of practice be- 
cause the infant always has opportunities to reach his own extremities 
and to reach his bed and bed-clothes. Playing with the bcd-clothcs 
was discouraged as described earlier, but It did occur to some extent, 
and the infants of course played with their own hands 'l hey also 
grasped their feet and occasionally the expci linen tei } s hand as he 
administered a stimulus This grasping may have been either visual 
or non-visual and it is unfortunate that we did not investigate its 
nature However that may be, our tests show a retardation in 
reaching for a dangling ring A dangling ring was presented once 
per day for forty days beginning with day 245 On each trial it 
was held above but within easy reach of the infant. The duration 
of each trial was 30 seconds. The child lay on her back in the 
crib Geseil’s norms show that at six months (180 days) 65% to 
84% of infants grasp a dangling rmg. According to Shiilcy (8), 
the calipers used in her tests were reached for by 100% of her 
subjects at 154 days and grasped by 92% at that age. While 
further norms are desirable, we feel fairly certain that with normal 
experience our subjects would have reached for a dangling ring long 
before day 245. Yet Rey never reached for the ring until the 
13th presentation and Del not until the 16th presentation. While 
the ring was fixated at every trial no attempts whatsoever at reach- 
ing occurred until the trials named above. In the case of each baby 
the first reaching had the appearance of developing out of same 
other activity. On Rey’s, first reach her hands came toward the 
ring with her fists dosed , her left fist touched the ling, it then 
opened, pursued and grasped the rmg and brought it to her mouth 
On Del’s first attempt, her hands came toward the ring clasped 
together Her clasped hands touched the ring. Thereupon they 
unclasped, her right hand pursued the ring which had been set in 
motion by the contact, grasped it, and brought it to h’er mouth. 
Del reached' and grasped the ring fairly accurately and quickly with 
her right hand in 20 successive trials following her first success. 
In the last three tests she paid little attention to the ling and did 
not rtach. Rey, after her success on the 13th trial made no attempt 
to reach again until the 19th, when she grasped the ring directly 
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with her right hand and did not move her left, winch had brought 
the hist sucess. On the twentieth tual she missed once with her 
right and then succeeded in the second reach with her right. She 
attained the ring readily in each of 20 consecutive tiials thereafter, 
using hci hands without preference I must conclude that the early 
failures were due to the deprivation of practice However, the 
speedy establishment of reaching when once it was attempted is 
worthy of note. The fact that the ring was pursued when it moved 
indicates that the reaching was visually controlled. 

Sitting Alone Sitting alone means the unaided maintenance of 
a sitting position when placed in it by the experimenter and when 
passive balance is slightly disturbed. It is important that this 
italicized phrase be included. A child who stiffens his spine when 
placed sitting may remain upright several seconds merely through 
passive balance. Very likely it is this kind of sitting alone, rather 
than real balancing, which is occasionally present in the newborn 
(7, 1) There is as yet no reason to believe that real sitting is 
ever present at birth. 

The most extensive norms for sitting alone are those of M C. 
Jones (4). She recoided whether or not her subjects could sit alone 
for one minute. We arc interested only in the upper age limits 
of this ability, jones tested 28 childicn between days 270-289; of 
these only two failed to pass the test. Of 21 cases beyond day 290, 
every one succeeded. 

In Shirley’s group (8) of 25 children, the upper range for sitting 
alone was the 35th week (245-252 days) and among seven biographi- 
cal studies analyzed by hci it was the 39th week (272-280 days) 
Gesell (5) states that sitting alone is almost universal among normal 
children at 9 months (270 days) Linfert and Hicrholzer (6) 
found that all of their subjects sat alone at nine months. 

Regardless of the lack of a common pi ease definition, the studies 
agiee very well m showing that practically every child can sit alone 
at about 270 days of age. 

On day 263 Rey was placed m the sitting position on a pad on 
the floor (hei legs about 60 degrees apait). When she inclined 
slightly backwaid or to either side, she made not the least observable 
cffoit to balance heiself but fell toward the floor. (Naturally I 
caught hei before she hit the flooi unless the tumble was a very 
gentle one ) This result was confirmed many times on that day. 
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However, when she fell lom>ard her face was permitted to rest 
on the floor and she pushed herself upward with the arms and re- 
mained supporting herself with her arms in a frog-like posture. At 
the end of three minutes I picked her up. Subsequent tests con- 
firmed the finding that she could support herself in this manner 

but m no other . , 

I was at first astonished as I had not expected that sitting, even 
though present, would be accomplished in tins fashion, and my first 
impression was that the response was a totally new one. (None of 
the normative studies mantion tins response hut since the completion 
of the experiment I have seen photographs of other children in this 
posture ) A little reflection, however, showed that pushing the 
head and chest upward from the floor with the arms was a well- 
practiced reaction. She had been tested many times for the “clicst- 
up” response (8), and she had been placed prone on several occa- 
sions for exercise because we saw no relationship between such 
practice and the responses which we wished subsequently to test. 
The performance on day 263 seems therefore to be the transfer 
of a learned response to a slightly new situation, the only difference 
between chest-up and “frog-sitting M being that the legs were behind 
the trunk in the former and tinder the trunk in the latter. That 
this action can hardly be called true sitting is shown by the fact 
that in it the body was inclined far forward, and that when Key 
was placed sitting fully erect she exhibited no tendency to balance 
herself. Although she was tested almost daily from day 263 onwai d, 
Key first sat for a few seconds with no support from her arms on 
day 326, a date far beyond the upper age range for this act in 
other children. By the end of the first year she could sit alone 
for many minutes, 

Del showed a similar course of development. Tested on day 
262 she fell to either side, backward, or forward as did Key. When 
first permitted* to lie with her face on the floor she did not push 
with her arms but cried instead On a second trial a little later 
in the day she pushed herself upward slightly but started crying 
after 3 seconds and was picked up. Her improvement in sitting 
was gradual, but she sat for 20 seconds without arm support on 
day 298. I conclude that neither subject came within the age range 
of non-experimental or control subjects, and hence that the retaida- 
tion of the subjects was attributable to the experiment, Needless 
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to say the retardation was only transitory, and the twins soon sat 
as well as any child. 

Standing with Support, Standing with support or supporting 
the body weight on the feet means that the infant supports his 
entire weight when balanced by an external agency (usually by 
being giasped under the arms by the expenmentcr) and that this 
stiffening of his legs is leally dependent upon his upright position 
and upon the contact of his feet with a surface. The latter clause 
is included because some might think it foolish to ask whether post- 
natal practice is essential to support of body weight since standing 
with support is sometimes reported in the newborn (1, 7). I am 
inclined to believe that the so-called standing of the newborn, as 
well as the “stepping movements’ 1 of the newborn, have little rela- 
tion to the infant’s position or to the suiface with which he is in 

contact They may be meie “strong leg extension” and “alternating 
leg movements ” 4 

In our tests I grasped the infant in the region of the armpits and 
maintained the child erect, brought her feet slowly to the floor, 
and let her sink to the floor if she did not support hei entire weight. 
A partial support of the body-weight by the child could be felt 
by me as a lessening of the burden in my hands Gesell (5) finds 
that this test brings forth a pushing reaction of the feet in 85-100% 
of the cases at foui months, although full support of the body is 
raiely achieved at that time Linfcrt and Hierliolzer (6) find full 
support piescnt in 10%, 92% and 100% at 6, 9, and 12 months 
respectively. (Fifty infants weie tested at each age level by Gesell 
and by Linfert and Hiciholzcr.) The latest age for this perform- 
ance in the 25 infants studied by Shirley was 37 weeks 

Our subjects were tested foi standing 20 times in the fouith 
month While there was a slight push with the legs in about 
one-fourth of the tests, it was inomentaiy and never resulted in 
suppoitmg the entue weight of the child Extensor thiusts may 
have occin led just as often when the child lay on her back although 
unfortunately we did not investigate that possibility Such tests 
were again given each subject on day 364 The lesults of the 
first of the delayed tests wcie essentially the same as those obtained 

'Somewhat fuller comments on tins point will be found in the proceedings 
of the fust meeting of the Society foi Research in Child Development, 
Nov, 1934 
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eight months earlier. In the first ten tests, neither baby supported 
her own weight. Del gave a slight push in all ten tests, Rey in 
only four. The pushes were of a momentary character which caused 
the infant to bounce up and down but not to stand Neither infant 
steadily supported her weight for even a fraction of a second. 

A few minutes after the first tests on day 364 ten tests of a 
slightly different sort were given each subject. The infant was 
held as before except that I inclined each subject’s head and chest 
far forward. This was done in order to determine -whether there 
was any tendency for the child to bring her body into an uptight 
position at the moment the leg extension occurred. The tests showed 
no such tendency. 

Tn order to find how rapidly the infants would learn to stand 
with support, many trials (with the trunk upright) were given 
during the remainder of day 364 and on days 365, 366, and 367. 
No motivation for standing was given unless it be said that tile 
pressure of the body upon the folded legs when the weight was 
not supported served as a motive The first momentary support 
of the body occurred on day 364 for each subject, only about eight 
hours after the first failure. When the length of the support grew 
to a measurable interval the duration of support on each trial was 
noted by a stop watch. Figuies 1 and 2 show the progress beyond 
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that point. The improvement in standing shown in the graphs 
was gradual and irregular, but before the close of day 367 each 
infant had stood continuously for two minutes or longer. I must 
interpret standing as I did sitting, that is, the experimental con- 
ditions letarded the occurrence of the initial performance, although 
this letardation was soon overcome 

Subsequent Locomotor Development . Shoitly after the tests just 
described, the infants became able to achieve the sitting position 
in their cabs of their own accoid. (Unfoitunatcly there are no 
norms on this performance, but it seems likely that the twins were 
retarded in this respect also Rey, day 387, Del, day 423 ) Once 
they were able to raise themselves to a sitting position, they could 
grasp the top of the cribs, make attempts to pull themselves to 
standing, and could also obtain practice toward standing by push- 
ing against the sides of the cribs with their hands while stiffening 
their legs. To our minds it was impossible to prevent this piacticc 
without somehow forcibly restiammg the babies. This %vc were 
not willing to do, so that the intei esting question of the effect of 
restriction upon hitci activities lemams unanswered Moreover ex- 
cept for the act of walking alone, no comparative data were avail- 
able foi later responses in case the experiment had been prolonged. 

With respect to walking alone, Rey achieved this lesponse in 
the 17 til calendar month, Del not until the 26th. Rey's lecord is 
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quite ordinary, Del's, while exceptional, is equalled by some chil- 
dren who are even urged and encouraged to walk. 1 hese facts 
do not indicate that our experiment .affected walking, although 
greater deprivations might very well affect it. 


Discussion 

Evidence has just been presented to show that both of the 
twins were retarded in their es tabiish men t of visually directed 
reaching and grasping, sitting alone, and standing with support 
Further, it has been shown that when training was instituted reach- 
ing and standing were established with relative promptness , sLtting 
alone developed more slowly. 

The explanation of these facts which I favor is that the retarda- 
tion was due to the lack of the usual learning situations. Matura- 
tion alone, however it be defined, was insufficient 

Other possible interpretations will no doubt suggest themselves 
and must be considered. The suggestion which I have received most 
often in relating the experiment orally is that the infants were 
improperly exercised and hence too weak to perform the required 
responses although the neural patterns were present. This sugges- 
tion has never been made by anyone who saw the twins in action. 
As a matter of fact the infants received a great deal of exercise. 
While vt is true that pnot to certain dates the infants did not 
exercise in the sitting position, in the standing position, etc , they 
were, like all infants, almost continuously active. A time-sampling 
study of crib behavior was conducted from days 185 to 240. The 
observational periods were 15 seconds in length and each infant was 
observed a total of approximately 1200 such periods when awake 
soon after a feeding. This study will be reported in full later but 
it may be helpful here to reveal that there were, on the average, 
approximately 3.5 kinds of movements per 15-second period per 
baby. The infants were in the best of health, were not rachitic, 
and their muscles were large and firm. Nevertheless, it may be 
suggested that while they were muscularly strong m many respects, 
yet the muscles involved in the performances winch were tested wcie 
undeveloped.^ Two facts speak against any view which attributes 
the retardation of the infants to weakness of particular muscles 
rather than to the absence of proper innervation of these muscles. 
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The first is that observation of the infants in the early test trials 
did not reveal any attempts to perform responses which they were 
unable from weakness to carry through, as a child who, has been 
ill may attempt to perform an action which he is too weak to 
accomplish Secondly, grasping and standing were established in a 
very short time There is no reason to believe that muscular 
strength may be developed with such speed. Rather it would be 
expected that much effort within a short period of time would fatigue 
the muscles. 

Another possible interpretation of the retardation is that habits 
contradictory to the expected responses had been set up. So far as 
I could observe, the infants performed no response in the initial 
sitting tests except that of supportihg themselves with their arms, 
and none in the first standing tests except for momentary extensor 
thrusts Neither these responses nor the responses to the dangling 
ring seem incompatible with the response whose presence was being 
tested 

One must consider also the possibility that the reactions which 
we studied, although instinctive, waned of disuse before the proper 
tests were made. I am not aware that the phenomenon of the 
waning of an instinct has ever been demonstrated, so that one scarce- 
ly knows what is being considered undei this title Each of the 
responses which has been examined was tested shortly before or after 
the expnation of the usual upper age extreme If the instincts 
waned, they must have done so in short order But even if the in- 
fants had been tested daily (which, by providing practice, would 
have defeated the purpose of the experiment) it might be urged that 
the instinct ripened and waned from lack of piactice between two 
tests Until some evidence of waning is advanced, there is no lea- 
son to put much faith in this very flexible hypothesis. 

That the infants were retarded by organic motor disabilities is 
contra-mdicatcd by the fact that they learned readily to sit and to 
stand and to reach when training was begun. In fine, all othci 
possible interpretations seem ruled out and it seems necessary to con- 
clude that the twins were retarded in sitting alone, standing with 
suppoit, and reaching and grasping because of the restriction of 
teaming oppoi trinities. 

While a repoit of intelligence will be reserved until the twins 
reach an age at winch tests have more significance than they possess 
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for the three-year-old, I may say that from present indications the 
children arc not far from the American white avemgc in test per- 
formance. How eve r> there is little to indicate that reactions duung 
the first year bear any relation to intelligence as tested at four or 
five. 

Summary 

Fraternal twins were reared with full experimental conti ol under 
the personal care of Mrs. Dennis and myself from the end of the 
first to the end of the fourteenth calendar months of life. The choice 
of twins as subjects of the experiment was moie or less accidental 
and was not essential to the pioblem. We imposed restrictions upon 
the infants’ activities which consisted in part of keeping the infants 
on their backs in their cribs and consequently cut off fiom oppor- 
tunities to sit and stand. Opportunities to reach for objects were 
reduced to a minimum- Hone of these restrictions was continued 
throughout the entire period of the experiment, but only until it was 
shown to have had some effect. The chief results of tlus study may 
be summarized as follows* visually directed reaching and giaspmg, 
sitting alone, and standing with help, were retarded in our subjects 
beyond the upper age limit for the appearance of each of these re- 
sponses among children in the usual range of American environments. 
While other explanations of the retardations weic sought, the only 
acceptable one was that the retardations were the lcsult of restric- 
tion of activities Each response was readily established when prac- 
tice was offered, and each response was "perfected” without social en- 
couragement or approval. 

The results are interpreted as showing that foi some infants 
practice is essential in order that the responses under discussion be 
established in accordance with available norms 
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L’EFFET DE L’EXERCICE LIMITS SUR L’ACTION DE TENDRE LA 
MAIN, DE S'ASSEIOR, ET DE SE TENIR DEBOUT DE DEUX 

ENFANTS 

(RdsumS) 

On n dleve dcs jumeaux fratcrncls avec un plcin contiole experimental 
sous Ics soins personnels dc Mme Dennis et de moi-memc depuis la fin du 
picmiei mois de la vie jusqu’ft la fin du quatoizieme Nous avons assujetti 
lcs activitte dcs enfants A des restrictions qui sc sunt composites en partic 
de fntre rester lcs enfants sur le dos dans Icur lit en les empcchant ainsi 
dc s’asseoir et de sc tenir debout, Lcs occasions de tendre la main vers des 
objets ont 6(6 teduites an minimum, Aucune de ces restrictions n’a tec 
commute pendant toute la durte dc l'expteicnce, mais sculcment jusqu'A 
ce quo qiiclque effet s’teait montrte On peut rteumei ainsi lcs pnncipaux 
rdsultats dc cette teude lcs actions visuellement dirigees dc tendre la main 
et dc saisir, de s’asseoir seul, de 9C tenir debout sans aide, ont te£ retardtes 
chez nos sujets ail delft de la limite sup6ricuie dc l’age pour l’appaience 
de chncune de ces r^ponses pnrmi des enfants dans la variation usucllc 
ties milieux am6ricalns, TandU que l’on a chcrchS d’nutrcs explications 
des retardations, la seulc acceptable n te6 que lcs retardations ont ted le 
rdsultat de la restriction des nctivitds Chaquc rdponse a dt6 facilcmcnt 
teablie quand on a oflert de I’exercice, et chaque reponse a ete "perfection- 
nte" sans encouragement ni approbation socialcs 

Dennis 


DIE WIRKUNG DER BESCIIRANICTEN UBUNG AUF DAS GREIFEN, 
SITZEN UND STEIIEN VON ZWEI KLEINEN KINDERN 
(Referat) 

Brudcrlichc Zwdlinge win den mit voller experimentellen Kontrolle unter 
der pei sonlichen Pflege von Finn Dennis und mir vom Ende des ersten 
bis zu m vierzelinlen Monat des Lcbens auferzogen, Wir legten Be- 
schrankunkcn nuf die Tatigkeit dei Kinder, wclche zum Ted aus dem 
Behalten der Kinder nuf dem Rucken in lhrem Kindcrbett bestanden. 
Dadurch wurden ihnen die Gelegenheiten zum Sitzen und Stehen entnom- 
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men, Die Gefegenheiten zum Ergreifen von Gcgenstandcrr wcirde mif 
ein Minimum reduzierf Keme dieser Beschrankungen vvnrdc (lurc)i die 
ganze Zeit des Experiments hindurch gebraucht, aber nur bis es iinOige- 
wiescn rnirdc, dass aie irgend einc Wirkung haltc, Die 1 1 au ptcrgcbnisse 
dieser Untersuchung konnen so zusammengefasst ivcrden vistiell gcrichtetLs 
Grei/en und Ergreifen, das Allemesitzcn, das Stehen nut Ililfc wurden in 
unseren Vpn, bis dbcr die obere Altersgrenze fut die Erscheiming jeder 
(hescr Reaktioncn unter normalcn Kindern In dcr ameriknnisclicn Unige- 
bung verzogert, Wahrend andere Erklamngen der Vcr/ogcrung gcsucht 
warden, war die cmzigc annehmbnre, dass die Verzogcrungen die Folge 
der Beschrmifciing der Tatikkeiten sen Jedc Reaktion wurde Icicht festgc- 
setst, ive/in Obiiflg gegeben mirde, ttncl jcclc Reaktion hat sith nir ‘‘Vcr- 
vollkomrrmng” ohne soziaie Aufmunl-crung oder sozinlcn BeifoJ] entwickclt 

Dennis 
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The primary aim of this study was to determine the importance 
of tlie factors potency ant] tmpoiency on the performances of young 
male rats as they were tested for strength of sexual drive in the 
Columbia Obstruction Apparatus. 

Animals 

The young males were reared under identical conditions of hus- 
bandry in the psychological laboratory at Stanford University. Be- 
ginning with the age of 35 days, they were tested on alternate nights 
for copnlatory activity with receptive females (4); when positive 
results from these tests weie obtained the males were set aside with 
other young males in storage cages to await the time of further 
experiments. They did not have access to females while in storage 
cages. 

When the piesent experiments weie begun, slightly less than 
half of the males had copulated duiing the copulation tests; these 
are called the potent males. The others, although similarly tested, did 
not copulate, hence they w ill be designated as the impotent group. 
It is to be understood, however, that the terms potent and impotent 
imply nothing more than that some males copulated and some did 
not, under what wc regarded as adequate and comparable test situa- 
tions. 

In Table 1 are given the ages and body weights of the males at 
the time of testing and also their ages at the time of first copulation. 
The mean ages of the two groups did not differ significantly, but 
there was a significant diffcicnce in their ages at the time of first 

‘Financial support for this study was provided by a grant from the Com- 
mittee for Research on Sex Problems, National Research Council, and from 
the Thomas Wclton Stanford fund for Psychological Research, Stanford 
University 
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No 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


TABLE 1 

Groups of Animals Tested 

Impotent innlcs 

Po ! en iJl ,a J £ r st Weight at Animal Age at Age first 
« e s u„" B capita testing copulnuon 


Weight at 
testing 


Mean 

cr 


67 

68 
68 

67 

64 

68 

65 
69 
68 
68 
62 

67 

65 

68 

66 

65 

66 

64 
67 
66 
69 

65 
69 
69 


66 67 
172 


36 
42 
39 
39 
38 

38 
44 

39 
53 

37 
62 
53 

42 

37 

43 
65 

42 
59 
57 
65 
39 

43 
39 

38 


45.37 

9,45 


166 

174 

189 
206 

190 
194 
180 
219 
176 
203 
166 
221 
193 
176 
205 
171 
190 
155 
160 
155 
243 
180 
207 
209 


188 67 
21 96 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


63 

63 

64 
66 
66 
60 
58 
58 
68 

65 

65 
62 

66 
66 
82 


65 

76 

c 

63 

68 

77 

71 
* 

77 

89 

72 
82 
79 
77 

140 


40 

67 

82 

41 

65 

69 

42 

66 

92 

43 

54 

58 

44 

66 

92 

45 

64 

79 

46 

66 

74 

47 

57 

71 

48 

63 

88 

49 

62 

63 

50 

65 

90 

51 

66 

67 

52 

65 

92 

53 

66 

91 

54 

67 

65 

55 

66 

65 


64 42 

78 69 


4 55 

15 06 


164 

ISO 

113 

186 

175 

196 

216 

173 

124 

162 

150 

154 

123 

180 

164 

162 

126 

156 

152 

144 

144 

136 

182 

144 

165 

159 

160 
182 
156 
169 
156 

158 81 
2175 


‘Numbers 27 and 32 weTe not observed to copulate in any of the tests. 


copulation and also a difference in their body weights. As shown 
at the bottom of Table 1, copulation was first observed in the potent 
group 33 days earlier, on the average, than in the impotent group, 
and the average weight of the potent gioup at the time of testing 
was 30 grams heavier than that of the latter group T. he difference 
in weights of these same groups is one of long standing. At the age 
of 45 days they differed, on the average, by 15 grams. Hence the 



SEXUAL DRIVE IN POTENT AND IMPOTENT RATS 


35 


present difference cannot be ascribed to slight discrepancies in the 
ages at which they were tested in the Obstiuction Apparatus. 

In view of the fact that both gioups of males appeared to be 
healthy and at no time to have suffered illness or malnutrition, we 
aie inclined to ascribe the late sexual matunng of most of the 
impotent gtoup, possibly all of them as well as a few of the potent 
group, to genetic factors which tend to retard the age of sexual 
maturity in certain strains of rats that have been selectively bred 
m the Stanford Laboratory To date, there is no evidence bearing 
upon the supposition that late maturity that is genetically determined 
may be associated with relatively weak sexual drive as measured by 
copulatory tests or by the Obstruction Apparatus. 

The Obstruction Tests 

i 

The model of the Columbia Obstruction Apparatus used in this 
experiment was illustrated in our previous paper dealing with sexual 
drive (5) Using a 110-volt, A. C current of 60 cycles to electrify 
the gridj we set the inductorium so as to yield a terminal pressure 
of 730 volts. The external resistance in the circuit was 13,000,000 
ohms, and the current flowing through the grid was .05615 milli- 
amperes This current was somewhat weaker than that used in our 
previous study (5) on adult males, but it appeared to produce about 
the same jump, startle, or withdrawal behavior in the young as the 
stronger current produced m the adult males However, the means 
of equating faradic shocks in rats of different ages is still an unsolved 
problem. 

Before the males underwent their tests m the Obstruction Appara- 
tus, certain opportunities for preliminary experience were provided 
them Approximately six hours before the test began, each animal 
was taken directly from its home cage, put into the Obstruction 
Apparatus, and allowed to exploie the chambers for a period of 30 
minutes without any special incentive present A two-way door 
was at the juncture of the grid and the incentive chamber so that 
the male might become familiar with the pioccss of going under the 
light celluloid door at this point. 

As further prepaiation for the obstruction test, each male was 
given a brief copulation test with a receptive female in its home 
cage a few minutes before it was taken to the Obstruction Apparatus 
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which was operated in an adjacent room. The purpose of this was 
to activate the male sexually so that it would immediately attempt 
to copulate when the female was brought into its piesencc in the 
Obstruction Apparatus In the case of non-copulators, the female 
was allowed to remain with the male in the home cage for approxi- 
mately 10 minutes, a period of time that pcimitted the male to sniff 
and to examine the female thoroughly and, in the majority of in- 
stances, one that finally ended with his directing his attention away 
from the female. A male that copulated was permitted only tliicc 
or four intromissions, after which the female was removed from his 
home cage. 

Immediately after sexual activation in the home cage, each young 
male was put into the Obstruction Apparatus where he was al- 
lowed complete freedom for exploration for a pciiod of ten min- 
utes. Because of the two-way door he could go back and forth be- 
tween the starting and the incentive chambers without difficulty. 
At the end of ten minutes the experimenter replaced the two-way 
door between the grid and the incentive chamber by a one-way 
door The sexually receptive female was then put into the incentive 
chamber with the male. In the case of non-copulatois, she was 
allowed to remain there for five minutes; hut in the case of copulat- 
ing males she was removed after three or four copulations 

Next came the preliminary trials, The male was transferred by 
the experimenter to the starting chamber, from which only by 
crossing the grid and passing under the one-way door could he 
reach the female. Four preliminary crossings without shock and one 
with shock were given before the standard test period was begun. 
After the first preliminary crossing the male was allowed two min- 
utes to copulate or to explore the incentive chamber (accoi ding to 
the direction of his activity), but only one minute was allowed for 
these activities after each of the other preliminary trials, after which 
he was transferred to the starting chamber The majority of the 
potent males immediately directed their activities to the female, but 
the impotent males, for the most part, seemed more attracted by 
other stimuli of the incentive chamber, such, for instance, as the one- 
way door which they attempted to push aside or to destroy by biting. 
If on the fifth preliminary trial the male failed to cioss the grid 
voluntarily within five minutes, he was put into trite grid chamber 
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by the experimenter and thus required to cross the electrified gx id. 2 3 

The standard obstruction test consisted of two subtests of ten 
minutes each, separated by a five-minute interval Duiing each of 
the ten-minute tests the young males were allowed complete ficedom 
to cross over the electrified grid to the incentive chamber but weie 
returned to the starting compartment upon their arnval so as to pre- 
clude copulation with the receptive female. Now and then, how- 
ever, a male was too quick foi the experimenter and copulated before 
he could be removed In rare instances also an intromission was ac- 
companied by an ejaculation which made it necessary to halt the 
experiment until the male again had become sexually aggressive to- 
ward the female In the interim between the ten-minute tests the 
receptive female was left in the incentive chamber with the male for 
what may be called the second sexual activation period Impotent 
males wcie allowed to lemam with the female for three minutes, po- 
tent males for a similar length of time unless before the end of three 
minutes they had copulated thiee of four times; in which case they 
were lemovcd lest a long pause be necessitated by their becoming sex- 
ually inactive from delivering vaginal plugs The males spent the re- 
maining two minutes of the intei mission in a small home cage 
placed beside the table on which the Obstiuction Appaiatus was 
resting 

Results or the Experiment 

The puncipal data on which our discussion will hinge and from 
which conclusions will be diawn are given in Tables 2, 3, and 4. 

1 Results of the Activation and Preliminary Tests In the first 
four columns of Tables 2 and 3 the outcome of all copulation tests 
given the males in the home cages, during the preliminary trials m 
the apparatus, and duiing the intermission between the subtests of 
the experiment piopcr, are indicated by the plus or minus signs. 
Each plus or minus sign of column 5 indicates w bethel or not a 
male ciossed the gi id voluntaiily on the fifth trial of the preliminary 
period, that being the first in which the grid was electrified 

2 As a general proceduic, this technique is of questionable value for it 
may enhance the male's fear of the grid chamber beyond that already 
.caused by the punishment grid and also may set up an antagonistic attitude 
toward the expeiimcntcr We shall discontinue it in future experiments 

and try, by additional trials without shock, to induce the male to begin 
crossing the grid. 



38 


c p 


stone, r. g. barker, and m I 


tomilin 


Preliminary Sex Behavior, 


Gru) A ™ossibo3 and Grid Contacts ov the 

Pote ' , ;T“ S ic indicated by plus or minus 

In. columns 2, 3 . 4 > and S, la r t e e 9 d mAeS homepages? in then preliminary 
signs whether the males copu ated m h ^ Ae subtests , and whether 

tests with the apparatus, n he in e ^ ^ preUm ; nary tria l, I he 

they crossed the voluntary o number of grld cross.nga, gr.d 

last three columns give, mpcM J d contact9 

contacts, and the sums of crossings ana 
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85 

0 

50 

0 

6 

0 

82 

0 

93 

1 

30 

0 

71 

24 

41 

54 

2 

41 

0 

151 

53 

84 

66 
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17 
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7 

62 

0 

33 

2 

99 
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116 
12 
49 
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103 

42 

56 

70 

22 

83 

0 

182 

60 

100 
88 
17 

55 17 
42 23 


Upon examining columns 1 to 4, one observes that tbc males that 
copulated in their home cages, with but few exceptions, also copu- 
lated in the Obstruction Apparatus. This result is what we hoped 
to obtain, inasmuch as it indicates that sexual drive was dominant 
over exploratory drive, over fear, and over other conflicting types 
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TABLE 3 

Preliminary Sex Behavior, Grid Crossings and Grid Contacts by the 

Impotent Males 

In columns 2, 3, 4, and 5, respectively, are indicated by plus or minus 
signs whether the males copulated in their home cages, in their preliminary 
tests with the apparatus, m the interim between the subtests, and whether 
they crossed the grid voluntarily on their fifth preliminary trials The last 
three columns give, respectively, the number of grid crossings, grid contacts, 
and the sums of crossings and contacts 


Animal 

Copula- 
tion in 
home cage 

Preliminary tests 
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— 
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TABLE 4 ( Continued ) 
Impotent Males 


SUCCESSIVE WNUTES OF TEST 
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of motivation. We should not have expected males to copulate in 
the Obstruction Apparatus if, on this and on previous nights, they 
had failed to copulate in the more femihni home-cage situation 
where distracting stimuli were relatively few in number 

As shown in column 5 of Tables 2 and 3, the proportion of volun- 
tary crossings was clearly greater for the potent than foi the im- 
potent group 

2. j differences in Crossings and Contacts, At the bases of the 
last three columns of Tables 2 and 3 arc given the means and sigmas 
for the total number of crossings, contacts, and sums of crossings 
and contacts. In each case the mean of the potent group is sig- 

Diff. 

nificantly greater than that of the impotent group, the 

being, respectively, 3.5, 4.6, and 4.6. These differences warrant the 
rone! u sion that copulating males of the ages herein studied are, as a 
group, much more aggressive and persistent than non-copula ting 
males in their efforts to overcome a painful obstruction to reach the 
sexually receptive female 

In Table 4 is recorded the number of crossings and contacts made 
by each animal in the successive minutes of the test. At the bases 
of the columns the mean numbers of crossings and contacts are given 
These means are presented graphically in Figure 1. 

In the case of the potent males, there was a declining frequency 
of crossings from the beginning to the end of the second subtests 



. « K7 „ FIGURE 1 

Meaw Number of Contacts and Crossings of the Grid in the Odstruction 
Apparatus Made by the Groups of Potent and Impo tent Malts. 
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This, possibly, may be ascribed to the animals' becoming negatively 
conditioned against the punishment grid or the expei unenter, or 
possibly to a radical change in physiological state resulting from 
being repeatedly shocked and thwarted in theii efforts to copulate 
with the female. No crucial evidence on the point of causation is 
available, however 

As shown in Figuie 1, the potent group crossed much less fre- 
quently, on the aveiage, during the first than during the second half 
of the test, hut for the impotent group there was but little differ- 
ence. This result strongly suggests that the sexual ardor of some 
of the potent males was greatly strengthened by the opportunity for 
copulation in the incentive chamber during the intermission 

The outstanding fcatuie of the contact records is the drop in fre- 
quency after the first minute This may have resulted primarily 
from the fact that weakly motivated males quickly learned to stay 
away from the grid, whereas more highly motivated males plunged 
right ahead or learned to jump to the farther side, effecting thus a 
crossing rather than a contacting of the grid. 

Great individual differences in performance within each of the 
groups are apparent in Table 4. Numbcis 4 and 19, although 
copulating males, neither crossed nor contacted the grid during the 
test proper; numbers 2, 6, 8, and 24 failed to cross the grid al- 
though they made one or more attempts during the test proper and 
thus experienced the painful shock It is very probable that more 
thorough preliminary training without the shock would have started 
some of these males to crossing and, once a beginning had been made, 
some of them probably would have continued throughout the test 
as did most of the other potent males This 19 only an hypothesis, 
however, that we shall have to investigate in future experiments with 
potent, non-ejossing males 

Number 20 crossed the grid with a frequency that closely approxi- 
mated the maximal number possible undei the conditions of this ex- 
periment in which two sliding doois had to be opened and shut each 
time the male was tiansferred from the incentive chambei to the start- 
ing compartment Numbcis 11 and 14 crossed ovei at the beginning 
of each test but became inactive bcfoie the end. Numbers 7 and 9 
wcie steady peifoimcrs throughout the entire test Numbers 1, 11, 
and 16 arc of interest because they became much more active crossers 
in the second than m the fiist half of the test. As to the cause of 
these differences in performance one can only guess. 
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Although one is forcefully impressed by the greater incidence of 
non-crossers and low-frequency crossers within the impotent gioup, 
there are a few individuals, such as numbers 26, 42, and 51, whose 
records would not appear markedly out of place if put among those 
of the potent males These cases clearly demonstrate that the 
presence or absence of copulating ability and sexual experience arc 
not the only factors that determine whether or not a male will cross 
the grid in the Obstruction Apparatus. While working with im- 
potent males the experimenter (Tomilin) received an impression 
from observing their total behavior throughout the test that the 
crossings of many were prompted far less by the receptive female 
than by some adventitious factor such as the one-way door which 
they attempted to manipulate as they had formerly manipulated 
the two-way door. This situation reveals the dcsii ability ot having 
some independent indicator of the male's sexual agitation by means 
of which each instance of crossing can be attubuted cither to sexual 
or to non-sexual motivation 

3, Methodological Implications of the Piesent Study. It is perti- 
nent to inquire as to whether there is any likelihood that the picscnt 
trend of results with young males would also be found in the case 
of adult males In answer to tins inquiry we may say that the only 
known evidence directly applicable indicates that the trend of results 
would be the same. Data on adult albino rats collected by Anderson 
(1), who with great fidelity followed the specifications set forth 
for the Columbia Obstruction Method (6), show an average of 3.4 
crossings for 10 impotent males and 11,7 crossings for 40 potent 
individuals, all of which had been similarly handled prior to the 
obstruction test. Assuming that moic extensive investigations would 
confirm the results of the present as well as Anderson’s study, one 
may then legitimately stress the point that the present data have a 
very significant bearing upon the interpretation of some of the data 
published by the Columbia University workers (6), 

It appears that Warner (7) used only copulating males when 
setting up the masculine norms used by himself and his successors 
Jenkins (2) and Nissen (3) How many non-copulators Warner 
had to discard from the lot obtained from the Wistar Institute was 
not reported, but if the males were fundamentally similar to tiiosc 
used by his successors, as was desired (6), one might assume that 
the loss was well over 50 per cent because Jenkins found 58 non- 
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copulatois in a group of 79 males and Nissen found 15 non- 
copulators in a group oi 27 males At any rate Warner’s data 
pertain to a selected group of males and, according to the tiend 
of the present data, and those of Anderson as well, the Warner 
norms were unsuitable standards for use by Jenkins and Nissen who 
had an admixture of potent and impotent males. Moreover, there 
seems to have been no systematic distribution, either by Jenkins (2) 
oi by Nissen (3), of copulators and non-copulators when making 
up their various experimental groups Since their groups were 
relatively small (twenty individuals or less), a random selection 
would not assure a satisfactory balancing of the two types of animals. 
In consequence of this and the use of Warner’s norms one cannot 
determine with assurance in which instances or to what extent the 
specific results obtained arc to be ascribed to the experimental re- 
gimens to which a group was subjected rather than to the original 
constitution of the group itself. In some instances the obtained differ- 
ences aie probably too small, in others, too large; and in still others 
they may be spurious in the sense of not arising from the specific 
variables under consideration Thus, if oui contention is correct, 
the full significance of the data on the male rats reported by Jenkins 
and by Nissen cannot be ascertained until these experiments have 
been repeated with due consideration to the factor of potency and 
vmpoteney in control and experimental groups 

To Jenkins and Nissen it may have seemed unnecessary to take 
account of the factor of potency and impotency in their experiments 
in view of unpublished findings (3) accredited to Warnci which, 
in effect, showed that frequency of copulations was not correlated 
with frequency of crossing the grid However, the true import of 
Warner’s finding cannot be ascertained in view of the fact that he 
reports that his primaiy intention was not to obtain an accurate 
record of the exact number of copulations pel formed by the males 
of his group but, rather, to asceitain whether or not they were 
sexually active Inaccuracies of recording copulations might easily 
account foi the zero correlation Also, what was true for Warner’s 
group of copulators might not have been true either for the data of 
Jenkins or those of Nissen in which there wete non-copulators as 
well as copulatois Finally, we may call attention to the fact that 
Anderson obtained a correlation of .509 i 072 between the frequency 
of copulations in duect tests and the frequency of crossings in the 
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obstruction test. The present author s, using the Columbia Obstruc- 
tion Apparatus, but not following the pi escribed method, obtained 
a correlation of 32±J05 for copulations and crossings, and 
,40± 099 for copulations and the sums of contacts and crossings 
(r's uncorrected for attenuation). Each of these studies suppoits 
the present contention that the factois of potency arid ini potency 
must be carefully controlled in studies of sexual dnvc that me cai~ 
ried out with the Columbia Obstruction Apparatus oil male rats if 
mtcrpretable results are to be obtained 

Summary 

1, In this study a significantly greater mean number of crossings 
and contacts of the grid of the Columbia Obstruction Apparatus 
was made by a group of 24 potent male rats to reach a receptive 
female in the incentive chamber than was made by a comparable 
group of 31 impotent males. 

2 From these results it appears that the factors of potency and 
impotency should be taken into account in all studies of sexual drive 
involving male rats. The data on males reported by Jenkins and 
Nissen, who used the Columbia Obstruction Method, .uc somewhat 
equivocal because they failed to control these factors in forming their 
original groups and, in certain instances, in choosing a strictly com- 
parable norm with which to evaluate the results from their expeu- 
mental groups 

3. Great individual differences in willingness to cross and contact 
the grid were obtained within groups The two distiibutions of 
scores overlap to such an extent that one must conclude that neither 
copuktory experience nor the lack of it was a certain basis for 
predicting whether a particular male would cross the grid in the 
test as herein conducted, 


1 
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L'IMPULSION SEXUELLE CHEZ LES RATS MALES CAPABLES ET 
INCAPABLES SEXUELLEMENT MESURfiE PAR L’APPAREIL DES 
OBSTACLES DE COLUMBIA 
(Resume) 

On a fait cede etude dans le but de deteiminer ('importance dea facteur9, 
capacity se\uelie t c’est-i-dire, capacity copulatrice et Vtncapacile sesuelle } 
dans 1’exdciition dcs jeunes rats, comme on les a testes dans l’Appareil deg 
Obstacles de Columbia pour la foice de l’mpulsion sexuelle, 11 y a eu 24 
males dans le groupc capable, et 31 males dans le groupe incapable En 
consideiant les groupcs comme ensemble, un nombre moyen sigmiicativcment 
plus grand de traversements et de contracts du gril a ete fait par les mfllea 
capables que par les incapables Cependent, de grandes differences in- 
dividuelles se sont montrecs dans chaquc groups En efFet, les distributions 
s’empietcnt it nn tel degr£ qu'on ne pouriait considerer nl la capacity 
Copulatrice hi l’incapacite comme base certain pour predirc si un certain 
male serait on nc serait pns celui qui tiavcrserait frequemment le gril dans 
la situation du test 

D’apres la difference des moyennes des deux groupcs contrasts, ll parait 
qu'on devrait toujours rendre compte des faetcurs de capacity et d’incapacni 
dans les Etudes de 1'impulsion sexuelle ou i( a’agit du rat male et que les 
rdsultats des experiences anterieures sur 1’iinpulsion cliez les rats males, 
comme testae par la Technique des Obstacles de Columbia, sont un pen 
equivoques pour Interpretation parcc que les facteurs capacity et inca- 
pacity n'ont pas et£ suffisamment controls 


Stone, Barker, et Tomlin 



C P, STONE, R G. BARKER, AND M. I* TOMtLIN 


DER SEXUEILE TRIES BEI SEXUELL KRAl'T I GEN tJND UN- 
KRAFTIGEN MAMCHEN RATTEN, WIE BIE DORCII DEN 
COLUMBIA HIMMSAPPARAT UNTERSUCHT 
WURDEN 
(Rcfctat) 

Der Zweclc dieter l/titerswfiupg war die flestimmwifi dci Wielitigkcrt 
der Falrtoren von Potenz, d,h, PaarnngsfnhigLeit, wul Impoicn/ in dcr 
Leistung jungcr mm Ratted wie sie im Columbia Ilnulrmisapiuriu 
nntersucht burden, der die Starke des Setualtricbcs ernuttcltc Es gaben 
2+ mannliche Ratten in der Paarungsfahigcn Gruppe and 31 Mannlicbc 
Ratten in der Paarungsunfaluger Gruppe Im grosscn mul gauze a gnbe 
es erne lieieutscm grossere Anzahl der (Ibergehcn tmd Demhritngen nut 
dem Gitler bci den paarungsfahlgei) fils bei den paaningaunfdhiGcJ] Mjini- 
chen Es fanden sidi aber grosse Unterschiede in jeder Gruppe In der 
Tat grcifen sie so s-ehr ubereinander, (lass man weder die Pna runRsfnliig- 
keit nodi deren Mangel als cine where Basis zinn Vomnsjigcn nnschen 
Lonnie, ob em besonderes Mannchen vjp! oder weiiig uber das Gilt.Gr in 
der Tfistsit nation Jaiifen vdrde 

A u s dem Uotcridued dcr Durchschnjito der beiden Gruppon sckbit 
es, dass die Paktoren der Potent and Impotent in UiUcrsucluingcn ties 
Sexualtricbcs bei dcr mannbehen Ratle nnmei in Bctrncht gw&gui werden 
mussen und dass die Ergebmssc der fruheren ExperimctUc ubci den Trieb 
bei mannlicfien Ratten, wie cr durch die Columbia Hnulcinismtlliodc im- 
tersocht wurde, etwos zweitdeutig ztir Deiitung seicn, well die Fnktorcn 
der Potenz und Impotent mcht bumuchend kontroJHert ivarcn. 

Stone, Bahru, und Town in 



THE INFLUENCE OF AMOUNT OF INCENTIVE ON 
DELAYED RESPONSE PERFORMANCES 
OF CHIMPANZEES* 

From the Laboratones of Comparative Psychobiology, Yale University 


H. W. Nissen and ] H Elder 


Since 1907, when Yerkes (8) drew attention to the importance, in 
studies of animal learning, of quantitative control of motivational 
factors, a considerable amount of work on this general topic has 
been reported These studies have concerned themselves with the 
quantitative aspects of both the initiating drive (degree of hunger, 
thirst, and sexual need, temperature of the heated or cooled floor, 
amount of electric shock) and of the incentive factor which tends to 
lestore physiological balance (amount of food, water, sexual satis- 
faction and so on) In many instances the interest has been merely 
in the relative effects of presence or absence of one of these factors 
In this connection should be mentioned also those investigations, 
notably the series of Columbia studies (7), which combine qualitative 
and quantitative comparisons by relating the maximum scoies ob- 
tained under various drive-incentive conditions. 

Indices of differential motivating factors have been obtained by 
the obstruction, choice, activity, learning, and work methods The 
performance or work method 1 measures the speed, frequency, inten- 
sity, or accuracy of an innate response or previously mastered habit 
— speed of eating, frequency of copulation, amount of muscular 
effort, accuracy and speed of running a previously learned maze. 
Measurements of delayed response peiformanccs under different 
motivating conditions belong here or under a sub-category, the 
mental work method 

The present paper deals with the effects, general and specific, of 
quantitative variations of the food incentive on delayed response per- 
formances of four young chimpanzees Incidentally, the constancy 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, May 20, 1935 

’We would place under this heading the "present or absent/' the "fre- 
quency" and the “satiation” methods of Stone (6) 
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of delay limits 2 under uniform conditions, the effects of piacticc and 
of the number of trials given in succession, are consulted. Gnndlcy's 
studv (4) appears to be the only comparable previous investigation 
concerned with the influence of varying amounts of food reward 
when the total reward was actually ingested; in the experiments of 
Bayer (1) the total amount of food available vaned but was always 
in excess of the animal’s capacity The only carlici study (5) in 
which delayed response has been used to measure the relative effec- 
tiveness of various incentives dealt with the influence of qualitative 
differences in the incentive on pcrfotmancc at ccitam constant delay 
intervals, whereas in the following pages wc shall be conccincd with 
quantitative differences as affecting both performance at certain 
levels of difficulty and limits of delay* 

Subjects 

Four pre-adolescent chimpanzees, three males and one female, all 
members of the New Haven experimental colony of the Yale Labora- 
tories of Comparative Psychobiology, were used in the experiment. 
The following list gives the name, sex, nuinaical designation, 
approximate weight, and estimated age at the time of expci lmcntn- 
t/cn, and dates of work with each subject: 


Name 

Sex 

Number 

Approx. 

weight 

Estimated 

age Dates of work 

hokqr 

Maos 

Kambi 

Veit 

Male 5 

Male If 

Female 2+ 
Male Jf 

39 kgm3 

27 kgms, 
20 kgms 

19 fcgms 

8 yrs. July, 1932 to May, 1933 

7 yrs. April to July, 1934- 
5 yrs. February to June, 1934- 
5 yrs. April to June, 193 f 


The animals were apparently m good health throughout the periods 
of work* except that Veit had a habit of regurgitating his food, which 
interfered to an appreciable extent with experimentation 


Throughout till* paper wc aha I apeak of “delay limits'’ and of “maximum 

d f J Z* * S merdy l l€ hne ™ <fcla y s at which the animals would 

perform With ai> accuracy of 80 per cent or better under the conditions of 
iJie experiment One of the conclusions of this study U that finch “limits" 

lble ?? VQnable ’ dc P cndi,1 G doubtless on almost every 
aspect or the experimental situation. 1 
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Apparatus and Procedure 

The apparatus and details of procedure employed differed for the 
several animals, but were rigidly constant for each subject with the 
exception of the variables being studied Since the comparisons made 
in this paper are not between individuals but rather between the per- 
formances of a given individual under different conditions, such 
diversity is unobjectionable and even desirable , any consistent trend 
in the results is thereby shown to be a function of the experimental 
variables and independent of the particular techniques employed 
Only the more essential featmes of each of the three forms of delayed 
response appaiatus used will be described 

1 For Bokar a modification of the turntable apparatus, origin- 
ally devised by Yerkes (9) for use with the gorilla, Congo, was 
employed In its present foim a circular wooden disc, 4 cm. thick 
and 183 cm. in diameter, revolving in a horizontal plane, is mounted 
in front of the barred opening of the subject’s cage at a distance 
which permits the animal to reach about 20 cm beyond the circum- 
ference of the disc. Centered on a diameter of the turntable are 
two wooden boxes without bottoms, 18 cm long, 16 cm wide and 
10 cm high, they are fastened to the table by means of hinges on 
the side towards the center of the disc and so located that the cen- 
trifugal edge of each box is appioximately 4 cm. fiom the ciicumfer- 
ence. Under each of the two boxes anl aluminum cup, in which the 
lure was placed, is fastened directly to the turntable. A projecting 
ledge on the outei end of each box makes it possible to raise the box, 
disclosing the cup underneath. 

The restraining cage used with the turntable apparatus is approxi- 
mately 180 cm. squaie, 184 cm high, inside dimensions The top is 
constructed of wue mesh, the sides of pine planking On one side 
is a solid entrance door , on the opposite side are two openings pro- 
tected by honzontal iron bais 10 cm apart Each of these openings 
or windows, one dnectly above the othei, is 60 cm wide; the fust, 
starting a few centimeters above the flooi, is 60 cm. high, while the 
second, 9 cm above the top of the fust, is 46 cm high A line diawn 
from the centei of the turntable to the centci of the lower window 
would be peipendicular to the front side of the cage Each window 
affoids a view of the entue turntable By leaching through the 
lower gillie the animal can lotate the tabic and, when the pioper^ 
position lias been reached, open on e of thr hn awt-aml *<> 
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food in the cup. Either one or both of the two barred windows can 
be closed by the experimenter by means of two opaque doors sliding 
in horizontal tracks fastened to die outside of the cage. 

The standard procedure is as follows: Both doors to the two 
windows are closed The turntable is adjusted so that the diameter 
drawn through the two boxes is exactly parallel to the side of the 
cage through which the animal works. Both boxes arc closed. The 
door covering the upper window is pulled back and the experimenter 
goes to whichever side is to be the positive one on that trial As 
soon as the animal is at the grille and watching, the experimenter 
opens the box, diops the food into the cup, closes the box,, and finally 
closes the door over the grille After the proper delay inteival has 
elapsed the experimenter, out of view of the animal, pulls open first 
the top and then the lower door As soon as the lower door is 
opened the animal reaches out, grasps the edge of the turntable and 
turns it in one direction or the other. Having turned 90 degrees, 
the chimpanzee opens the box and reaches into the cup , whether 
or not he finds food there depends on the coriectncss of his choice 
Both doors are closed ; the table is brought back into position and, 
if the last response was wrong, the food, is taken out of the cup not 
selected. The next trial follows immediately, 

2 For Moos and Veit a pull-m apparatus was employed. The 
restraining cage is one built by Dr. T. A. Jackson; it is 183 cm. 
long, 100 cm. wide, and 200 cm. high. In one of the short sides is 
a barred opening, 84 cm, square, extending upward from the floor 
level, through which the animal works Facing this opening and 
resting on the floor is a platform, 84 cm. wide, 210 cm. long. At 
the far end of the platform is a vertical screen, 97 cm. wide, 180 cm 
high. Into tins screen, 50 cm. above the plattoim, an opening, 25 x 
87 cm,, is cut, covered by a hinged door Somewhat higher is a 
square opening covered by copper screening painted white on the out- 
side and affording one-way vision. Centered on the platform arc 
two lengths of wood, approximately 1 5 cm square, in the shape of 
a The shorter arm of this T, 84 cm. long, is parallel to the 
working side of the cage. The longcj arm, 220 cm., piojects th tough 
the center of the bottom of the screen. On the platform also are 
two food boxes, 10 x 10 x 12 cm., having neither top nor back side. 
A cord attached to the front of each box is fastened at the other end 
to a point 16 cm to either side of the center of the shorter arm of tile 
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T A second cord, fastened to the back of each box, extends through 
a small hole in the screen. 

The following procedure was employed with this apparatus. By 
means of ropes passing over pulleys the experimenter, located behind 
the screen, raises a wooden door covering the bailed opening of the 
cage. Reaching thiough the hinged door in the screen, he drops a 
piece of food into one or the other of the two boxes, located on the 
platfoim directly in front of the screen. The T has previously been 
drawn back, so that the two cords attached to the shoiter aim are 
out of reach of the animal By means of a rope, the door to the 
cage is then closed At the end of the delay interval it is opened 
and at the same time the T is pushed forward, bunging the two 
cords within easy reach of the animal, who responds by pulling on 
one or the other Oidinarily only one box is pulled in, in the few 
instances of vacillation and alternate pulling on one and the other, 
whichever box first reached a point half-way to the grille was con- 
sidered the animal’s “choice,” since beyond this point it is possible 
for the subject to look into the box and see whether or not it con- 
tains food After response, the T is pulled back some 50 cm and 
the boxes are drawn back to the screen At the same time the door 
over the barred opening is closed A few seconds latei the next 
trial is started. 

3 For Kambi a defaycil response apparatus originally designed 
by us to test the effect of the number of alternatives for selection, 
and of the distance between them, was used. The restraining cage 
is 110x80 cm and 78 cm. high, its floor is formed by a table top, the 
ceding and three sides by wire mesh One of the long sides is 
covered by vertical bars, 7^4 cm. centei to center. Facing this side 
is a second table, 110x80 cm On this table is a board 94x24 cm 
on which the two food boxes, each 10x10x12 cm., are mounted. 
The distance between these two boxes, center to center, is 25 cm 
The top and front side (one piece) of each box is hinged to the back, 
so that the animal can open it easily, when the lid is closed (by 
gravity) it is impossible to see whether or not the box contains food 
By means of an iron rod attached to the back of the board, the two 
boxes can be drawn to the back of the table, out of reach of the 
animal, or pushed fonvard to the baried side of the restraining cage. 
A laiscd frame aiound the edges of the table keeps the board with 
the attached food boxes always exactly parallel to the front edge of 
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the table. A screen, 36x102 cm, made of Upson boa.d and con- 
taining a one-way vtsion mirror (Argus glass, obtained from Semon 
Baclie and Co , New York City), is so lunged to vertical supports at 
the ends of the table that it can be lowered in front of the food 
boxes during the delay, 01 in back of the boxes while they arc being 
baited and during the response The experimcntci is seated behind 
the far side of the table and is visible to the animal only while the 
boxes are being baited and for a brief moment before response as 
the board with the two boxes is pushed foiwaid towaids the 
restraining cage 

The piocedure employed with this appaiatus was as follows’ The 
boxes being in the far position, find the screen swung to its position 
behind them, the experimenter opens one of the boxes and places the 
food inside, the lid of the box then falls into the closed position and 
the screen is turned forwards so that it entirely obscures the view 
(by the animal) of the two boxes. At the end of the delay interval 
the screen is raised, the board with the two boxes is pushed foi wards, 
and the screen is lowered behind the boxes. The animal, reaching 
through the grille, opens one of the boxes and, if his lesponse has 
been correct, takes the food The boxes are then immediately pulled 
back again, food is removed (in case response was incorrect), and 
the next trial is begun. 


Certain features of procedure weie common to all four subjects 
of the experiment In order to obtain “delay limits,” the length of 
the delay intervals was increased gradually accoiding to a system 
similar to one used and discussed by us in a previous paper (2). 
Except in the “mixed series , 1 '* described in tile next section, the delay 
was constant for a senes , that is, for nil trials given in succession 
during one expeumental period. 3 When the score (percentage 
correct) on a series dropped to 75 per cent or less, the delay interval 
used in that series was repeated in the next series If the score now 
increased to 80 per cent or better, a longer delay was used in the 
following test series If, on the other hand, repetition of a given 
delay interval resulted m an even lower score, it was arbitrarily as- 
sumed that a delay limit bad been reached. The only exception 


™ eXCep Ti 10 Group Tab,c 1 ( Bok °0 three different delay inter- 
vals were used in every senes, a five-second delay on every second trial, 

senes tol e"* ) 6 t "'° ° nger fnter ™ 19 (which were increased from 
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made to this rule was when some distinctly unusual circumstance 
(c.g , distraction) was the obvious cause of the low score, in which 
case another series at the same delay was given A numbei of series 
in which the degiee of difficulty giadually increased until a "limit” 
was reached is here called a test group. Within a group, the amount 
of incentive per trial and the number of trials per series lcmaincd 
constant. 

As far as possible, all factors except the experimental variables 
were kept constant from one test group to the next. Special atten- 
tion was directed to the following (a) Time of day and feeding at 
mealtimes, (A) Interval elapsing between successive trials of the 
same series (c) Movements of the experimentei and time taken for 
baiting, that is, time during which the animal gets his cue for the 
next response, (d) Distractions and all stimuli which might lead to 
an abnormally favorable or unfavorable emotional response, ( e ) The 
quality of banana used as incentive was kept as constant as possible, 
care being taken that it contained no blemishes and that it was 
neither too green noi over-ripe. The banana was cut into slices; 
the indicated weights include the skin which was usually eaten. For 
Bokar and Moos both small and large incentives consisted of a 
single piece, for Kambi and Veit the laiger rewards consisted of two 
or four 5-giam pieces 

Results and Discussion 

Test tiials were not begun with any animal until the subject had 
reached a ceitain level of performance with a short delay, about five 
seconds, the minimum possible with the methods used The required 
motor response was mastered rapidly in all cases ; following this, 
preliminary delayed response trials were begun The amount of 
such pieliminary tiaining necessary to attain the required degree of 
accuracy varied considerably from individual to individual For 
Bokar this tiaining period covered 28 days during which 458 trials 
were given, at the end of this time his scores were 90 oi 100 per 
cent. It should be noted that Bokar was a relatively “unsophisti- 
cated” animal, that is, he had been used pieviously in only one other 
experimental study. Moos, an animal with much experience in 
laboiatory work, responded almost perfectly on the first day, his 
training preliminary to the test series reported in the following tables 
consisted of 20 successive trials Kambi, whose earlier experience in 
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laboratory experiments was somewhat Jess tlnin that of Moos, was 
given 40 preliminary trials distributed over four days Vclt, for 
whom the present study meant initiation to laboiatoiy work:, was 
started on the apparatus used with JCambi ; he did not ‘idnpt well 
and was transferred to the pull-in apparatus after six days 1 here he 
was given 120 trials on 13 days On four of these days he icfusrd to 
work at all; apparently he was at first afraid of the solid dooi which 
closed the grille during delay intervals. 

Tables 1, 2, 3, and 4 show results for four animals in the main 
expenmenti in Figure 1 these data me presented giaphically. 1 lie 
chronological sequence of the tests may be followed by reading down 
in the column marked "Test group I," then going to the next column 
and so cm Except foi the final series in some of the gioups, and as 
otherwise noted in the tables, the scores as given indicate the per- 
centage of correct responses, for one scries of trials given in succession 
during one experimental period. The number of trials in a senes is 
shown at the top of the column. When sevci.il scores arc entered 
for one deLay interval, it indicates that a concsponding number of 
series were given at that point, in accordance with the systematic 
procedure of increasing delays outlined above, The symbol "E” 
means that the animal manifested an cmotion.il upset which pre- 
cluded, in the opinion of the expernnentci, the possibility of pio- 
ceedmg to longer delay intervals Such emotional disturbances 
found expression in a variety of forms: hesitation in icsponding, re- 
fusal to watch the baiting, wh/mpenng, screaming, and even temper 
tantrums; they gave supplementary evidence that a delay limit hud 
been reached The notation "Ind” is cnteicd when the animal, 
during the last series of a group, manifested indifference and lack 
of attention rather than an emotional outbuist Appaicnt indif- 
ference to the baiting was not always an indication that the maximum 
delay had been attained, since certain animals, especially Kambi and 
Moos, often seemed to make a point of being "casual” in their alti- 
tude, giving merely a fleeting glance over the shoulder as banana 
was being placed in one or the other box. AVc feci, hovvcvei, that 
such nonchalance could be differentiated fiom the moic antagon- 
istic attitude appearing with Jong delays, and have made the notation 
Ind only m the latter cases A plus sign, on the othci hand, in- 
dicates that the animal was still wo iking well ,it the maximum delay 
employed and probably would have woikcd satisfactorily at longer 
intervals, An italicized number within a column indicates the point 
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TABLE 1 


Bokar 

Showing percentage correct responses with varying number of trials per 
series, length and sequence of delay intervals, and amounts of reward 


Test group 

I 

II 

III 

IV 

V 

VI 

No, trials 







per series 
Amount of 

30* 

20 

10 

10 

5** 

5 

banana 
per trial 

12 gms 

12 gms 

12 gms 

60 gms 

60 gms 

12 gms 

Delay 

5 sec 

96 

100 





10 

100 

95 

100 

90 



15 

93 

100 

100 

100 



20 

93 

100 

100 

100 



25 


100 

100 

100 



30 

W0 

100 

90 

90 



40 



100 

90 



45 

93 

75-70-85 





50 



90 

100 



60 

100 

80-951 

70-100 

90 


100 

70 




100 



75 



90 



100 

80 




100 



90 

74 

90 

70-90 


100 

100 

100 





100 


105 



60-60 



100 

110 



E 


100 


120 

50 

75-50-40 



90 

100 

135 


E 



100 


150 





80 

80-40 1 

165 





80 

E 

180 





100 


210 





100 


240 





90 


300 





100 


360 





80 


420 





100 


5*10 





100 


720 





100 


900 





100 







+ 


*Score for 5 

sec based 

on 113 trials, for 90 

sec on 23 

trials, 

for 120 sec. 


on 14 trials, and for nil other intervals on 15 trials See footnote, p 54 
**Two series of five trials given at each delay interval , each score based 
on 10 trials 

iSeries at 150 sec repeated because of indication, nt end of first series, 
of an emotionnl upset 
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TABLE 2 


Showing percentage correct responses with varying number of trials 
per series, delay intervals and amount* of rewind. 


Test group 

No trials 
per series 
Amount of 
banana 
per trial 

I 

20 

6 gms 

II 

10 

6 gms. 

III 

20 

3 gms. 

IV 

10 

3 gms. 

V 

10 

12 gins 

VI 

10 

3 gms 

Delay 







S sec. 

85 






10 

90 






IS 

90 






20 

90 

70-90 

90 

50-100 

100 

90 

35 

65-70 85 

90 

95 

100 

90 

90 

30 

75-100 

100 

95 

SO 

100 

100 

40 

65-90 

100 

85 

100 

100 

100 

<0 

75-80 

100 

90 

90 

100 

100 

90 

75-85 

100 

6S-7S-3S 

50 

100 

100 

120 

30 

m 

47 

E 

90 

wo 

150 


70-50 

E 



25 

130 

65-60 

Ind 



80 

E 

240 

E 




100 


300 





80 







+ 



below which a score of 80 per cent or better was not attained; the 
data indicate that these “limits” are rather definite and that further 
trials, under the conditions specified, would not have changed them 
Our records of qualitative aspects of the animals’ bchavioi strongly 
support this conclusion. 

The Effect of Practice and Number of Tunis per Sctics. As was 
indicated above, the initial adjustment of the animals to the experi- 
mental situation manifested itself as a more or less gradual improve- 
ment in accuracy of performance This improvement was especially 
pronounced in the less “sophisticated” subjects, whose initial scoics 
were not far from a chance level. Once a certain degiec of pro- 
ficiency had been reached, however, the factor of practice isolated 
from other influences apparently had no appreciable or consistent 
effect either on the scores at a given delay interval or on the limits 
of delay We would draw attention particulaily to the recouls of 
Bolcar (Groups I, H, HI), of Moos (Gioups I and II, HI and IV), 
of Kambj (Groups I and II, III and IV, VI and VII), and of Veit 
(Groups I, II, III), In only two cases does the repetition of a 
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Kambi 

Showing percentage correct responses with varying delay intervals and amounts of reward 


INFLUENCE or AMOUNT Or INCENTIVE 
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TABLE 4 


Showing percentage correct responses will varying delay intervals 
& and amounts of rewnrd 


Test group 

No trials 
per series 
Amount of banana 
per trial 

1 

10 

5 gras, 

11 

10 

5 gins 

Ill 

10 

5 gms. 

IV 

10 

20 gms 

Delay 

i 




S sec 

100 




10 

90 



80 

20 

70-90 

90 

100 

90 

30 

100 

60-60-100 

90 

90 

40 

100 

50-80 

SO 

70-80 

60 

10D 

50 

50-60 

90 

75 

WO 

Ind. 

Ind. 

90 

90 

60-70-50 



80 

180 

Ind 



90 

240 




90 





+ 


1 + 

+ 1 

L u? 

-J 



FIGURE 1 

Dkl\y Limits Attained in Successive Test Grouts, with Varying Amounts 
of Incentive, uy Each of the Four Subjects 

Chronological sequence from left to right A plus sign md Scales thnt the 
animal was still performing with an accuracy of 80% or higher when trinlB 
were discontinued B=Bokar; M— Moos, K=Knmhi; V=Velt. 
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senes with the same amount of rewaid per trial result in improve- 
ment in the limit, in one of these (Kambi) the change is slight, and 
in the other (Bokar) the particular distribution of delays within a 
senes and the interval of time (over two months) separating Group 
I from the following two groups must be taken into consideration, 
Offsetting the two instances of inciease with lepetition, there are 
four cases in which no change takes place, and three cases which 
show a decrease with repetition These data certainly would sug- 
gest that meic practice, once the prcliminaiy adaptation to the situa- 
tion has been made, does not have any significant or consistent effect 
in laising the level of delayed lesponse pcifoimance in chimpanzees. 

In some of the test groups used foi comparison above (Bokar and 
Moos) the number of tnals per senes vaiied, in each case decreas- 
ing with successive groups This fact would militate against the 
above conclusion only if it be assumed that a longei senes is more 
favorable to accurate performance than is a short senes of trials 
There would seem to be no leason fot making such an assumption, 
on the contrary, one might expect that fatigue, lessened motivation, 
increasing stiain or tension, and inteifciencc effects from preceding 
presentations and lesponses would tend to favoi the shorter senes 4 
The following tabulation suggests that the number of trials per 
senes, within the range employed (5 to 30 trials), is of relatively 
small importance m detei mining the delay limits obtained 

Delay limit on the second test group is 
Hlghei The same Lovyer 

When the length of the series Sho)ler 12 1 

in the second group is The same 12 2 

Our conclusions regarding the role of piactice in delayed lesponse 
on first thought seem to be in conflict with those of Foley and 
Warden (3) who conclude fiom their study that "There is no 
doubt but that the data show positive piactice effects ” Several im« 
poitant differences between the two studies must be taken into ac- 
count when making comparisons of the lesults (1) In one, the 
subjects were monkeys, in the other, chimpanzees (2) Foley and 
Warden weic intei ested in scores on certain delay intervals whereas 
we me primal ily concerned with delay limits (3) As was men- 
tioned above, oui conclusions regarding piactice effects apply to ani- 
mals who have passed thiough a preliminary adaptation pcuod dur- 


‘Sec also section below Analysis of errois 
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me winch there was definite improvement in performance. It is 
quite possible, even probable, that Foley and Warden s monkeys were 
still in what we have called the preliminary stage of adaptation 
when tested, in which case there would be no discrepancy between 
the results of the two studies. The fact that on the fast 10-minute 
delay the monkeys made scores very little better than chance sup- 
ports this interpretation. (4) It wilL be pointed out below that the 
nature of previous experiences in delayed lesponsc, other than mcic 
frequency of response, has a decided influence on Intel pcrfoimnncc. 
A six-second delay, for mstanpc, probably is not the same tiling after 
30 trials with a 4-0-second delay as it is aftei 30 trials with a tluce- 
second delay, The fact that 15-, 20-, 25-, 30-, anti 40-second delays 
preceded the last 10-second delay tests may be a better explanation 
of the superiority in scores on this last group over the second gioup of 
10-second tests than the fact that opportunity for practice was af- 
forded in the meantime 

7' be Hffect of Increasing and Decreasing A mount of Rewaid per 
Trial From Figure 1 and Tables 1, 2, 3, and 4 it may he seen that, 
without exception, increasing the quantity of lure used per trial 
raised the delay limits obtained (six instances), whereas decreasing 
the amount of reward (five cases) lowered the limits The num- 
ber of cases is of course too small to warrant reliability computations, 
but the direction of change is consistent and the magnitude of the 
differences convincing. It is to be noted that in four instances the 
ultimate limits obtainable with the larger rewards were not deter- 
mined, and also that the steps by which the delay intervals were in- 
creased became progressively greater; the differences therefoic are 
even larger than superficial examination of the tables would indicate. 

The exact quantitative relationship between size of reward and 
delay limits cannot be calculated from our data, first, because of lack 
of some of the limit determinations, and second, because of the 
fluctuations in such limits apparently produced by the phenomenon 
of perseverating incentive effects discussed below. In Table 5, how- 
ever, these relationships, in so far as they are available in our data, 
are shown The relative increase in delay limit, it may be seen, is 
greater than the corresponding relative increase in the amount of 
reward used in five out of six cases; in one instance the two ratios 
are exactly the same. The relative reduction of delay limit is greater 
in two cases, smaller in two cases (and of uncertain relative magni- 
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TABLE 5 

Showing (1) the maximum delays obtained per unit of reward (one gm 
of banana) with varying amounts of reward per trial and 
(2) the relation between increases (and reductions) in 
amount of incentive and corresponding delay limits 


Animal 

Gms 
banana 
Test per 
group trial 

< 

Delay 

limits 

in 

sec 

Relative 
increase m 
(1) amount 

Sec delay of rewaid 

per gm and (2) 

banana corresponding 
(at delay limit 

limit) Reward Delay 

Relative 
decrease in 
(1) amount 
of reward 
and (2) 
corresponding 
delay limit 
Reward Delay 

Bokar 

I 

12 

60 

5 0 






II 

12 

90 

7 5 






III 

12 

90 

7 5 






IVj 

VJ 

60 

900 + 

IS 0+ 

5 

10 + 




VI 

12 

150 

12 S 



2 

<.17 

Moos 

I 

6 

120 

20 0 






II 

6 

120 

20 0 






III 

3 

90 

30 0 



5 

75 


IV 

3 

60 

20 0 






V 

12 

300+ 

25 0+ 

+ 

5+ 




VI 

3 

120 

40 0 



25 

.4 

Karnbi 

I 

5 

30 

6 0 






II 

5 

30 

60 






III 

10 

60 

6 0 

2 

2 




IV 

10 

75 

75 






V 

20 

300+ 

IS 0 + 

2 

4+ 




VI 

5 

240 

48 0 



25 

C.8 


VII 

S 

60 

12 0 






VIII 

20 

1200 + 

60 0 + 

4 

20 + 




IX 

S 

180 

36 0 


P 

25 

<15 

Veit 

I 

5 

75 

15 0 






II 

5 

40 

S 0 






III 

5 

40 

8 0 






IV 

20 

240+ 

12 0 + 

4 

6+ 




tude in one instance) than the corresponding relative decrease in 
amount of reward. Another method by which the quantitative re- 
lationship between these experimental variables might be determined 
is that of calculating the maximum delay, in seconds, obtained for 
each gram of banana used, when the total amount of incentive dif- 
fers in successive test groups In the fifth column of Table 5 we 
show this quotient, which may be appropriately termed the “cf- 
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ficiency index” of the incentive, for each test group of each of the 
subjects. Our data are too linruted to permit any conclusions re- 
garding the form of the curve (efficiency index plotted against total 
amount of Incentive), but it may be seen that in general tins index 
is higher for the large incentives than for the small , probably the 
expression of this tendency is obscured by the pcrsevcr.Uivc effects 
discussed below. Except for Kninbi and Vclt, the efficiency index 
of the incentive cannot be compared from one animal to another, 
since other factors, such as type of apparatus, absolute amount of 
Incentive, and experimenter, were not the same In the case of 
Knnibi and Veit all such factors weie compatible 

Perseveiatinp Effects of the Incentive, Tables 1, 2, and 3 and 
Figure 1 show that, after an animal has successfully performed at 
long delay inteivals under the condition of a large rewaid, his sub- 
sequent delay hmtt with a small reward will be higher than it bad 
been previously. This is shown by Bokar (column VI), Moos 
(column VI), and by Kambi (columns VI and IX) Theic is some 
indication in the quantitative data, and more in our qualitative obser- 
vations, that the effect of a small incentive also perseverntes, attenuat- 
ing the scores on subsequent trials with laigcr icwaids The data 
suggest, fuitbermore, that this “after-effect” of the incentive (oj of 
the performance induced by the incentive) is not pcimancnt but in- 
stead wanes with time or with repeated trials. See especially Tabic 
3, columns VI and VII, 

There are at least two general types of explanation possible for 
this perseverative effect: (1) After working at long intervals of 
delay, shorter intervals may be relatively easier than they wcie be- 
fore, by conti a st they may “seem” shortei than before. (2) The 
“expectancy,” “set,” oi “attitude” induced by the larger reward may 
persevere until, gradually, it is replaced by one winch confoims to 
the new (smaller) incentive. 

Mixed Senes It appears from the preceding section that the in- 
centive in delayed response has a fairly diffuse, generalized influence ; 
the effect of Large rewards, for instance, extends to pci formanccs oc- 
curring later m time. In order to determine whctlici thcie is, in 
addition to this general, pcisevcrating effect, some specific influence 
on the response which directly follows the “baiting” or presentation 
of the incentive in association with one or the other food coulainci, 
tests under the following special conditions were given thicc of the 
animals. 
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In the Group VI tests a delay limit of 150 seconds had been de- 
termined for Bokar when the incentive consisted of 12 gms of 
banana (From what has been said above it appears that this limit 
would have been somewhat lower, probably about 90 seconds, if 
testing had been continued ) After completion of the Group VI 
tests, Bokar was given four days of 10 trials each ('Table 6, Group 
A) with length of delay and amount of incentive varied in a simple 


TABLE 6 

Mixed Series Showing number correct responses with various combinations 
of short and long delays, small and large incentives. 

(tf) Bokar Maximum possible on each combination, 10 in Groups A 
and Cj S in Group B Total number of trials 100. 


Delay 


Group A 
ISO" 300" 

Group B 
180" 360" 

Group C 
300" 600" 

Total 

No, % 


12 gms 

7 7 

5 

5 

6 

6 

36 72 

Incentive 









60 gms 

10 9 

5 

5 

9 

10 

48 96 



“Short” delay 

42 conect, 

84% 





“Long” delay 

42 coirect, 

84% 



(b) Mod i 

Maximum possible on each combination 

10 Total number 



of trials 40 








Total 




Delay 


210" 420" 

No 

% 





3 gms 

7 9 

16 

80 




Incentive 









24 gms 

10 9 

19 

95 






"Shoit” delay 

17 correct, 

85% 





“Long” delay 

18 correct, 90% 



( c ) Kambi 

Maximum possible on 

each i 

combination 

15 in 

Group A , 


8 in 

Group B Total number of 

trials 

• 92 




Group A 

Group B 

Total 


Delay 


360" 600" 

360" 

600" 

No 

% 



5 gms 

11 11 

8 

7 

37 

80 


Inc entivc 









20 gms 

14 12 

3 

8 

42 

91 



"Short” delay +1 correct, 89% 
"Long” delay 38 correct, 83% 


alternation sequence from trial to trial according to a prearranged 
schedule. On the first day trials with a small reward (12 gms ) and 
short delay (150 seconds) alternated with trials involving a large 
reward (60 gms ) and long delay (300 seconds). On the next day 
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trials with large reward and short delay alternated with small 
reward, long delay trials. The schedule for the entire 10 days (100 
trials) of the mixed series is given herewith; in eacli case the con- 
ditions for the first two tr/jils only are given, the remaining eight 
trials being repetitions of this first pair. 


1st day {Trod 1) small reward (12 gms), 
( “ 2) large reward (60 “ ), 

2nd day (Trial t) Jjrg< 

( “ 2) small 

3rd day (Trial 1) large 
( “ 2) small 

4th day (Trial 1) small 
( " 2) large 

5th day (Trial 1) small reward (12 gms ), 
( " 2) large reward (60 “ ), 

6th day (Trial 1) small 
( '* 2; large 

7th day {Trial 1) large reward (60 gms ), 

( " 2) small reward (12 f ‘ ), 

8th day (Trial 1) large 
( “ 2) small 

9th day (Trial 1) small 
( " 2) large 

10th day (Trial 1) small 
t “ 2) large 


short delay (150 seconds) 

long delay (300 “ ) 

short 

long 

long 

short 

long 

short 

short delay (ISO seconds) 
long delay (300 *' ) 

long 
short 

short delay (300 seconds) 

long delay (600 “ ) 

long 

short 

short 

long 

long 

short 


On the fifth and sixth days the “short” delay was increased to 180 
seconds, the “long" delay to 360 seconds (Group B ). Between 
Group B and Group C> Bokar was given four days of 10 trials each 
with a constant reward of 12 gms. and with increasing delays. Re- 
sults for these four days are as follows. 


1st day 

Delay 180 seconds, 

score 90 per cent correct 

2nd day* 

180 

90 

3rd day. 

240 

90 

4lh (lay. 

300 

20 


The last four series of mixed trials (Group C t Table 6) accordingly 
were given with a short delay of 300 seconds and a long delay of 600 
seconds. Following the last of the mixed series, 10 trials were given 
with 12 gms reward per trial and a delay of 300 seconds ; the score 
was 70 per cent correct 

Moos was given only four series, 10 trials each, of the mixed 
series. The schedule of alternations used corresponded to the 7th, 
8th, 9th, and 10th days of Bolcarhs schedule; for Moos, ho wove i, the 
rewards were 3 gms. and 24 gms, the delay intetvals 210 seconds 
and 420 seconds, respectively. It is to be noted that the short delay 
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is well above the maximum attained in Group VI (Table 2) when 
a 3-gm. reward was used on each trial Results are piesented in 
Table 6. 

For Kambi the incentives used in the mixed series weighed 5 gms, 
and 20 gms , respectively, the short delay was 360 seconds, the long 
delay 600 seconds Six senes of 10 trials each (Group A) and four 
series of eight trials each (Group B) weie given. The system of 
alternations in Group A couesponded to days 7, 8, 9, 10, 7, 8, m 
Group B to days 7, 8, 9, 10 of Bokai's schedule (see above) The 
shorter of the two delay intervals employed in the mixed series was 
about twice as long as the maximum attained with a 5-gm. reward 
in Group IX (Table 3) After completion of the Group A mixed 
series, Kambi was given 10 trials with a constant incentive of 5 gms. 
and a delay of 360 seconds; her score was 50 per cent correct. At 
the end of the Gioup B series, scoies of 88 per cent, 100 per cent 
and 75 per cent weie obtained on three successive days of eight 
trials each 1 5 gms. reward, 360 seconds delay 

Table 6 indicates ( 1 ) that, under the conditions of the mixed 
series, the amount of incentive which the animal sees being placed 
into the container dunng the presentation period is of significance 5 
in dctcirninmg the accuracy of the following response, (2) that 
undei these conditions the length of the delay interval is relatively 
unimportant; and (3) that interspersing large-reward trials among 
the small-reward trials lesults in a better performance (greater 
accuracy) with small incentives than is possible when only small re- 
wards aie used This suggests, then, that the incentive in delayed 
lesponse has both a general effect (as was also determined in the 
previous section) and an effect specific to the response following 
piesentation (sight) of the incentive 

Scores at Certain Delay Intervals under Varying Conditions 
W ith the exception of the section on mixed series we have em- 
phasized, in this papei, the effects of the experimental variables on 
delay limits rathei than on scoies at given delay intervals The main 


8 Using the formula op~ \ , and combining Groups A, B and C, 

n 

we find that the difference between Botar’a scores with small and large 
rewards, respectively, is 3.5 tunes the S D of the difference Neither of 
the other differences are statistically reliable, but all are consistent in 
direction, 
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part of this experiment was planned to facilitate comparisons of the 
former kind rather than of performances at certain cvels of dif- 
ficulty. Consideration of the varying number of trials given in a 
senes (errors increase towards the end of a scries) and especially of 
the perseverative effect of the incentive, indicated above makes it ap- 
parent that comparisons by the second method^ will not be un- 
ambiguous With this warning, we piescnt, in Tabic 7, a summary 
recapitulation of the data, in which only scores on immediately suc- 


TABLE 7 

Showing relative magnitude of scores at the same delay intervals when the 
incentive {a) is the same, (4) increases, and (0 decreases 
in successive test groups 


Test groups 

Bokar Moos 

II I HI 

& & & 

III II IV 

I 
& 

II 

Kmnbi 

III 
& 

IV 

VI I 
& & 

VII II 

Veit 

II 
& 

III 

Total 

number 

of 

instances 

Scores the same 

3 0 

1 

1 

l 


1 0 

0 

7 

First score 









higher 

3 1 

2 

0 

l 


1 2 

0 

10 

Second score 









higher 

1 6 

2 

2 

2 


2 1 

3 

19 


(4) Increasing 

amount of reward 




Bokar 

Moos 






III & 



II 





Test groups 

IV, 

IV (c 


& 






V 

V 

III 





Scores the same 4- 

1 


0 

2 

0 

1 

8 

Small reward 

scores 








higher 

2 

1 


2 

0 

1 

2 

8 

Large reword 

scores 








higher 

3 

3 


0 

2 

0 

0 

8 


(c) Decreasing 

amount i 

if 

reward 











Total 


Boknr 

Moos 


Katnbi 

number 

Test groups 

IV, V 

II & 


V & 


V & 

VIII & 

of 


& VI 

III 


VI 


VI 

IX 

instances 

Scores the some l 

0 


5 


2 

I 

9 

Small reward 

scores 








higher 

2 

2 


1 


1 

1 

7 

Large reward 

scores 








higher 

1 

4 


1 


5 

3 

14 
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cessive test groups (adjacent columns m Tables 1-4) aie compared. 
Where there are several scores at a certain level within the same 
group, these have been averaged No scores appearing below the 
italicized numbers in Tables 1 to 4 inclusive weie used in making up 
Table 7. Group I of Bokar’s record is omitted because of the 
special conditions obtaining in these test senes The amount of dif- 
ference between scores is not considered; the figures in the table 
show merely the numbei of cases for each direction of difference. 

Analysis of Mrtors, In Table 8 is given a partial analysis of the 
errors made by the several animals in successive portions of the ex- 
periment It is seen that some of the subjects had rather decided 
left-right preferences or tendencies, these animals seemed to be work- 
ing on the principle When in doubt, take the right (or left) box 
Of particular intei est is the piepondcrance of errors during the last 
half, as contrasted with the first half, of each senes Table 8 has 
a total of 30 divisions in which the pertinent data are available 
(last three columns) ; in 20 of these the second half has more errors 
than the first half of the series, in two cases the numbei s are equal. 
The significance of this finding is enhanced when considered in con- 
nection with the fact (see above) that the number of trials per 
series seems to have no effect on the scores or delay limits obtained. 
It is tempting to conclude that the animals anticipated oi had a 
“set” for the length of the experimental penod. A more detailed 
analysis of the distribution of errors, not piesented here, shows that 
the number of incorrect icsponscs does not increase with any leg- 
ularity towards the end of the series, the error curve shows marked 
fluctuations. 

Response Time. During all of Moos’s trials and during the latter 
half of the trials given Kambi, the time elapsing between the moment 
when the animal first had opportunity to respond and actual initia- 
tion of overt response was measured with a stopwatch and recoided 
Inspection of the records indicates a small positive correlation be- 
tween average response time and number of errors in a series, within 
a senes wrong responses have, on the average, slightly longer response 
times than have concct lesponses The amount of incentive used in 
various test groups does not con elate with average response time. 

Summary 

Four young chimpanzees were used in delayed response situations 
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for the purpose of determining the effect of quantitative variations 
of the food incentive on performance 

The data show that an inciease in amount of incentive used con- 
sistently increased the delay limits Decrease in amount of incentive 
always resulted iri lower limits. 

The amount of incentive affected not only response within a given 
trial, preceding ingestion of the reward, but produced also a gen- 
eral perseverative effect on subsequent responses, raising or lowering 
efficiency of performance according to the relative size of the incen- 
tive. 

The “efficiency index” of the incentive, that is, the quantitative 
relation between amount of incentive and delay limits, is discussed. 

After preliminary adaptation to the situation, mere practice did 
not increase delay limits. The numbci of trials given in succession 
likewise seemed to have no influence 

More errors were made in the second half of each senes than 
during the first half, legardless of the length of the senes. 
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t irwi?T HENfE DE LA QUANTITY DU STIMULANT SUR LE RENDE- 

MENt Se! cntMPANZfiS AVEC DES RteONSES RETARDCES 

(Resume) 

Dan eette *tude ii s'agit des effcts gen*raux ct sptclfiquu ties variations 
quurthative* de la noumture comme stimulant sur le rendcmcnt tie quntrc 
ieunes chimpanz*s nvec des ^ponses retard* es. 

Eft employant tine quantity donnec do recompense, on n entrain* clinquc 
si, jet h cholair 1’nne de deux bodes dc nourritu.e dans Inque He .1 ava.t vu 
pheer de la nourrlturc par l-.*pirlmentateur , L’.ntervnlle de temps entre 
la raise de noumture dans la boite et l’occnaion de la .repulse .1 *6 syi- 
tAmatiqoement augment jusqu'i ce que Ion avait aticmt In linute de la 

Une^iugmertation de la quanta* de la recompense a donne consiqueinment 
comme r*sultat une augmentation de la dur6c oil le aujet n pu nSpondrc 
comme il faut Ln d*croisaance de la quancjli de la recompense a produit 

l'effet contraire , , , . . , 

Outre l'effet sur I'exactitude de la r*ponsc qui precede la vraic ingestion 
de la recompense) la quantit* du stimulant produit tin effet g*n*rnl tie 
persdvdrntion sur les rAponses siibsAquenteg Apifi9 qu’un nniinnl aura 
montre un rendement reussi A de longs interval les do ictnrdation sous In 
condition d r une grftndc recompense, s a liniitc dc rctnrd«ition sexn plus 
ilevfie qu’imparnvant On montre que lea nffets dc 1 exercise sculs nc 
peuvent exphquer cet eflfet. Quand on entremcle des epreuves A grnncle 
recompense avecs des epreuves A petite recompense, on a coinnie rAanltat un 
itmllenr ten dement avec. la petite recompense quo Volt nc pent avoir quand 
la sArie se compose entlArement d'Aprcuves petite recompense 

Nissen p.t Er.nrp 


DER EINFLUSS DER MENGE DES ANSPORNES AUF DIE VER- 
ZOGERTE REAKTIONSLEISTUN GEN BEI SCIIIMPANSEN 
(Refeiat) 

Dieses Studium beschatigt sicli mit den nllgemcmcn und besondcrcn 
Wirkungen der qunnritatlvcii Veranderungen des Fiittcranspoi nes auf die 
verzdgerte Renktionsleistungen von vier j ungen Schimpanacn. 

Beim Gebrauch enter bestimniten Mengc Flitter ala Uelolinung tvurde 
jedes Tier tramiert, cincn von zwei Futtcrknsten /« wnldcn, 111 den cs 
den VI, das Futter hineinstecken sah Der Zeitrnum zivisclicn der Ladling 
des Kn 9 tens und dei Gelegenheit zur Rcagiening wurde systematised 
vergrossert, bis die Grenzc der Verzogerung erreicht 'wurde 

Die fortclaurende Vermehrung der Menge der Belohming ergnb cine 
Vermehrung deT Zeitdauer, die bei jedem Tier zum nclitigen Rcagicren 
notig war. Die Verminderung der Belohnung hntte die entgegcngcsctzte 
"Wirkung 

Ausser dem Einftuss auf die Gennuigkeit der Rcnktion vor der cigcnt- 
liclien Emnahme der Belohming eizeugt die Mengc des Ansporncs cine 
allgcmeine Behnrrlichkcitswirkung auf naclifolgeiide Reaktioncn, Nnchdcm 
j S d IC j ^ ,e ^* eistl,n E crfolgreicli uber lange verzogerte ZcitoUstnndc unter 
der Bedingung emer grossen Belohming ausgefulut hat, wud seme Vci- 
zogerungsgrepze mit emer Idcincn Belohnung hoher soin, nls sic vorlicr 
war, Es zeigte sich, dass die Ubungswirkungcn allein these Wirkimg 
nicht erklaren konnen, Die Einmischung von grossen Belolinungeii nut 
Jcleinen Belohnungen ergibt eine besserc Loistung mit der klcinen Belohnung, 
bestifndJ 1108 ' vare ' wenn Relhc ganz ana klcinen Belohnnngcn 


Nissen UNO Etoer 



SECOND YEAR DEVELOPMENT OF A RHESUS 
MONKEY (Macaco, mulatto) REARED IN 
ISOLATION DURING THE FIRST 
EIGHTEEN MONTHS* 1 

From the Lahoiatory of Comparative Psychology, Columbia University 
John P. Foley, Jr 

The piesent paper represents a continuation of a previously re- 
ported study of the development of the ihesus monkey (Macaco 
mulatto), and deals with the second postnatal year, the first half 
of which was spent in continued isolation, and the second half in 
contact with other members of the colony The need for such 
naturalistic and observational studies of the development of various 
primate forms needs no verbal justification A detailed study of 
the ontogeny or developmental continuum of such an oiganism selves 
as an essential backgiound for related investigations of a more 
experimentally controlled nature. The interpretation of the be- 
havior of animals in various experimental or laboratory situations 
can be legitimately made only in teims of its larger genetic con- 
figuration or meaning — the reactional biography of the oiganism 
(cf 5, pp 39-41) Yeikes (41) has admiiably stated the need foi 
standaidized primates, particularly of the anthropoid type, showing 
the many risks and disadvantages of using animals whose age or 
developmental status, sexual condition, disease history, and ex- 
perience are unknown Nissen (24) has pointed out, foi example, 
how many of Kohlci’s Uniyuaffe and instrumentation situations (20) 
might readily be explained in teims of behavior mechanisms acquired 
and frequently executed in the natural habitat of the chimpanzee 
lather than in terms of “insight” or some other vague and highly 
complex mental process 

Not only is an understanding of the development of general 
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modes of primate response essential to interpretation of experimental 
data, but it likewise enables the investigator to formulate a problem 
more in accord with the naturalistic behavior systems of the animal. 
Thus the elaborate and highly controlled expenmcntal investigation 
must take into consideration a wide variety of factors specific to the 
organism to bo utilized, such as dominant receptor and icactor 
systems, dietary (especially maximal and nurnmal motivating con- 
ditions), geneial and specific rhythms and physiological conditions, 
and, above all, previous life history. Nissen (24-, p 4) has pointed 
out that “we should never be able to posit linuts for infra-human 
capacities without knowing how these creatures act in an cnvnon- 
ment which, so far as we can know, may be infinitely more favoi- 
cable for the development and expression of such capacities than is 
a faboratoiy setting ” 

The recent foundation and growth of institutions for the study 
of primate behavioral development both in lahoiatoiy and field 
situations, such as is fittingly exemplified by the bipartite division 
of the Yale Laboratories of Psychobiology as described by Ycrkcs 
(39), argue for the importance of the parallel growth of both 
supplementary methods of approach. It should be pointed out, 
however, that so-called laboratory or experimental and field or 
observational investigations aie not antagonistic, opposite, mutually 
exclusive, or intrinsically different, but differ in the relative amount 
of control imposed upon the oiganism-in-environmcnt situation. 
Thus in the average field study no extraneous control whatsoever 
is imposed eithei upon the organism or upon its stimulating con- 
ditions, direct observations being made of the various leactions of 
the animal under such naturalistic conditions. In the laboiatory 
experiment, however, various artificial restrictions are utilized, 
such as a priori selection of a given lesponsc or series of responses 
for experimental study, elimination of certain stimulational cues, 
enhancement of particular motivating conditions, etc. 

The necessity for complete data on the reactional biography of 
the individual organism, and in some cases control over stimulating 
conditions from birth onward, is now quite generally lecogmzed. 
In comparing the behavior of vmious primate forms, serious con- 
siderations should be given to the wide differences in both anatomico- 
pnysioiogical and psychologico-behavioral development fiom primate 
to primate (cf. 5). As Kellogg (18) has further pointed out, 



SECOND YEAR OF AN ISOLATED MONKEY 


75 


comparative psychology frequently fails to recognize the tremendous 
role played by environmental influence upon captive wild animals 
both prior and subsequent to their laboratory debut. Any one who 
has had first-hand acquaintance with the usual capture and transpor- 
tation conditions of wild animals will often wonder how such 
animals have ever been successfully used for behavior research. Any 
such wild animal who adapts to a strict laboratory routine has 
exhibited a far greater degree of behavioral modifiability than is 
required or produced by the average experiment. 

The writer has elsewhere (5) leviewcd the literature dealing 
with the developmental aspects of the early behavior of the Macaco, 
mulatto, and has discussed both the implications and possibilities of 
such research. That such studies are as yet surprisingly few indi- 
cates the complex of difficulties attendant upon any undertaking of 
this nature, as well as the past failure to recognize the various 
potentialities, both theoretical and practical, of this research It is 
satisfying to note, however, that psychological and psych obiological 
research on the development of infra-human primates is increasing 
both in amount and in span of undei taking, and the resulting 
mateiial is rapidly becoming data for a more inclusive science of 
comparative or evolutionary psychology (cf, 6) 

Problem 

The present article reports fragmentary data on the second year 
development of a rhesus monkey (Macaco mulatto), reared for one 
and one-half years in isolation fiom its mother and other members 
of the species, and subsequently housed with other monkeys both 
of a similar and diffeient species The subject, a male, was subse- 
quently given the name “Kias.” The animal was born in the 
Laboi atones of the Department of Embryology, Carnegie Institu- 
tion of Washington, Baltimore, Maiyland, being the son of No 
106 of that primate colony Birth occuned in the early morning 
of Octobei 9, 1932, after a gestation penod of 167 days The 
infant was forcibly taken fiom the mother on the morning of 
Octobei 12, tlnee days after birth, and transf cried by automobile 
directly to New York, where it has since lemained in the Laboratory 
of Comparative Psychology of Columbia University. 

Thioughout the subsequent two-ycai period, there was no at- 
tempt at tuition, nor was the animal rcaied as a pet Contact with 
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humans and other animals was kept at a minimum during the first 
one and one-half years, involving only the feeding and observa- 
tional periods, after which the subject was housed with other 
monkeys and allowed to adapt and react with a minimum of external 
interference As previously stated (5), it should be emphasized 
that the task was attempted as an exploratory investigation 01 pioneer 
study, the object being to test the feasibility of reining an infant 
monkey in isolation, with the attending pioblcms of diet, housing, 
and general care, and all other purposes were subordinated to this 
primary aim. Observations me thus often brief and fragmentary 
rather than final and conclusive, and this is all the more tiuc of 
the second year of development, since time for observation was 
limited It was deemed worth while to piescnt a few of the most 
outstanding data, however sketchy and incomplete, as a further 
chapter in the reaction al biography of the subject The continued 
physical and behavioral development of the subject testifies to the 
realization of the primary purpose of the project, and it is hoped 
that the infant Macaca mulaila will be inci easing! y utilized in 
future comparative psychological research. 

The first year development has been described in detail in a 
previous lepoit (5), and familiarity with the material therein 
presented is necessary in order to grasp the relative significance and 
larger Gestalt of the present data. In order to avoid duplication 
as much as possible, many accessory data have been omitted in the 
present paper, and it is hoped that the reader will correctly regard 
the data reported in the following sections as as a mcic continuation 
of the previously reported investigation. As in the previous leport, 
not only is the gradual development of vanous behavioi segments 
described, but an attempt is made to con elate the acquisition of the 
various reaction systems with the particular stimulating circum- 
stances which produced them. The sudden change of the subject 
from an experimentally imposed situation of complete isolation to 
one of intimate association with other monkeys thiows additional 
light upon the nature of ccitain underlying behavior mechanisms 

Habitat 

Having been periodically transferred to increasingly iaiger 
qua iters at various times throughout the first year (cf. 5, pp, 51-52) , 
the infant macaque, then over five months old, was finally housed 
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in a standard monkey cage in an isolated part of the primate room 
This cage was 28 x 35)4 x 34 inches, with a front door of 1-inch 
diamond mesh, and with a wooden shelf 18 inches above the floor. 
A j4-inch galvanized grill floor was situated above the sawdust 
floor pan. Here the animal was reaied in continued isolation 
throughout the remainder of the first one and one-half years, at 
which time, on April 9, 1934, it was transferred to a similar cage 
within the primate arena This arena is composed of two double 
rows of cages one on either side, facing each other, the ends and 
top of the intervening space being screened in with 1-inch diamond 
mesh so as to form a central enclosure or runway 6 feet wide, 
13 feet long, and 7 feet high. Here the subject could be daily 
allowed to exercise and play, both alone and with other selected 
animals The daily 30-minute period of Sunlamp stimulation was 
continued throughout the second year 


Dietary 

The standardized Columbia weekly feeding schedule for monkeys, 
begun at the eight month (cf. 5, pp 52-54), was continued through- 
out the second year (cf below) As before, a cod liver oil prepara- 
tion was also employed daily, made fiom Squibb’s Adex Tablets, 
with Viosteiol, 10 D, powdered and mixed with Lactophos (bone 
meal). The daily evening ration of banana was partially slit 
longitudinally and a small amount of this powder sprinkled inside, 
thereby insuring a certain constancy and control in the amount 
taken, with a minimum of trouble and inconvenience to both investi- 
gator and animal This diet proved most satisfactory, as is testified 
by the steady increase in weight (cf Results) and by the fact that 
severe diarrhea or other pathological symptomatology was not evi- 
denced at any time throughout the two ycais 


Standardized Columbia Weekly Feeding Schedule for Monkeys 



8 00 A M 

1 00 P M 

6 00 PM 

Monday 

Milk & Eggs 

Boiled rice, Celery 

Banana 

Tuesday 

Milk & Eggs 

Boiled potato, Beet 

Banana 

Wednesday 

Milk & Eggs 

Wholewheat bread, Lettuce 

Bnnana 

Thursday 

Milk & Eggs 

Boiled rice, Spinach 
Wholewheat bread, Celery 

Banana 

Friday 

Milk & Eggs 

Banana 

Satui day 

Milk & Eggs 

Boiled sweet potato, Carrot 

Banana 

Sunday 

Milk & Eggs 

Wholewheat biead, Lettuce 

Banana 

Also small 

amounts of apple, 

orange, raisin, sunflowei seed, 

and peanuts 
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Discussion oi Results 

In accordance with the general plan utilised ,n the prev.ous study 
(5), the more outstanding observations of the subjects second j . 
of reactional development arc presented in three sections ( ) 
Physical Development, (2) Sensorimotor and Simple Behavioral 
Development, and (3) Complex Behavioral Development Again 
may we point out that such a division is quite arbm a, y, but serves 
as a convenient schema foi classifying the oftentimes scattered and 
fragmentary obseivations As previously stated (cf above) no 
attempt is made to portray the complete behavior lepcrtone of the 
subject, but rather to present certain of the more interesting and 
genetically significant data, 

1. Physical Development The average monthly weight of the 
subject throughout the second year is shown numerically in Table 
1 and giaphically in Figure 1. Measurements were taken weekly 
m all but two cases (periods 23 and 24), for which three and two 
weights were recorded respectively. The figuics presented aic the 
averages of the readings taken for each successive 28-day peiiod. 

Inspection of these data will show that the subject continued 
to increase rapidly in weight during the second postnatal yeai, 
although the amount or degree of such increase became gradually 
diminished (cf. 5, Table 2 and Plate I, pp.^ 55-56) The subject 
weighed 422 grams, or 14 9 ounces, at biith (Oct. 4, 1932), 
1508 grams, 2 or 53,1 ounces, at 1 year of age (Oct 4, 1933) ; and 
2013 grams, or approximately 71 ounces, at the age of 2 ycais 


TABLE 1 

Average Monfhiy Weight Durinc the Second Year 


Age* 

Avci age 
weight 
(grams) 

Age* 

Average 

weight 

(grnms) 

14 

154+ 

21 

1875 

15 

1606 

22 

1909 

16 

1631 

23 

1937 

17 

1698 

2+ 

196+ 

18 

1753 

25 

1971 

19 

1789 

26 

2003 

20 

1832 




♦Successive 28-day periods 


“Weight at age of S2 weeks (5, p SS, Table 2) misprinted ns 1580 grams 
should read 1503 grams 
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FIGURE 1 

Averagf Monthly Weight During the Second Year 

(Oct. 4, 1934). These figuies are slightly lower but in general 
corroborate those given by Schultz (28), who has reported tentative 
average weights of 1646 grams (8 cases) and 2450 grams (6 cases) 
at the end of the first and second years, lespec lively. Thus during 
the first year the present subject showed an increase of 1083 giams 
in body weight, whereas only 508 giams were gained during the 
second year, less than half of the first yeai growth Since the data 
are foi 28-day pcnods, all minor fluctuations are necessarily omitted, 
although inspection of the oiiginal weekly (and on a few occasions, 
daily) measurements yields the fact that with increasing age such 
fluctuations become less apparent, relative to the weight of the 
animal 

The disproportionately large head and ears and small hind 
quarters, markedly picsent during the earliest postnatal days, grad- 
ually disappeaied, so that by the end of the second year Kias had 
definitely assumed the bodily pioportions of the adult Macaco, 
mulatto (cf Schultz, 28) The hair, straight and medium in 
texture, lias attained the varied length, density, and biownish color 
of the typical macaque, and is characteristically distributed over the 
entite body suiface With the exception of the uppei eyelids, nipples, 
ischial callosities, palms, soles, and teiminal phalanges (cf 15). 
The facial wrinkles, giadually decreasing from buth in both number 
and degree, have completely disappeared. The testicles remain 
undesccnded, clearly visible in the canal some distance above the 
scrotum 
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2. Sensorimotor and Simple Behavioral Development . The 
sensonmator development of the fahnt Macaca mulatto hns been 
described in a preceding connection (5) as being viitually com- 
plete by the middle of the second postnatal week, and hence need 
not be discussed here. Subsequent practice, however, especially in 
activities involving motor adjustments, tcsultcd in finci differ cnti- 
ation of the specific behavior segments or reaction components, as 
well as an increasingly wider variety of such intricate responses to 
an increasingly larger number of stimulus objects and events. Not 
only did new objects acquire additional stimulus functions or mean- 
ings, but many of the responses formerly made to certain stimuli 
were lost, or rather, replaced by other patterns of reaction. 

Sleeping, so frequent during the earliest days, was seldom noted 
in the daytime during the second year. The specific overt pattern 
remained largely unchanged from approximately the second month, 
consisting in sleeping with the body bent forward, the legs flexed 
and drawn up under the body, and the arms extended forward and 
outward to form a cushion for the head. 

Y atoning , not observed during the first year, was subsequently 
noted on several occasions. The mouth was partially opened and 
the lips drawn back on either side of the mouth, exposing the teeth. 
This is a more or less typical reaction pattern of the macaque, and 
differs from yawning in the typical human animal in that m the 
latter subject the mouth is usually opened wide and the lips are 
drawn taut more in the vertical than in the horizontal plane. 
Coughing and choking were seldom observed, this decrease in fre- 
quency probably being due to more efficient use of the masticatory 
and deglutitory mechanisms, Sneezing was not obseivcd during the 
second year, nor could it be elicited by tickling the inner nostrils 
with a horse-hair point, The nose and entire facial region became 
wrinkled upon such stimulation, but no sneezing resulted. The 
writer would not wish to conclude that the mechanism was absent, 
however, since more adequate stimulation of the internal membianes 
might very likely elicit the reaction. As would be expected, the 
lid reflex or rapid winking response to a non-visit al stimulus showed 
no observable change 

Responses which we have characterized as mouthing, muzzling, 
biting (non-masticatory), and oial exploration, commonly exhibited 
by the infant macaque in the earhest days, had pi actually disap- 
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peared by the fifteenth month. Only on occasions of extreme 
emotional stimulation and excitement did Kras resort to such 
behavioi (cf. below). Thus these biting or mouthing responses were 
onginally the piecursors of modified sucking reactions (cf 5, pp. 
67, 80), which in turn partially gave way and were replaced in 
many cases by other moie adaptive foims of behavior As in the 
case of their predecessors, the sucking reactions lemained relevant 
only to ceitain (ie, liquid food) situations, and were no longei 
elicited by a wide variety of stimulation 

The early forms of aying or vocif eiation persisted with certain 
modifications of patterning, and the stimulus conditions for such 
behavior became widely varied. This behavioi, with special refer- 
ence to ceitain acquiied vocal and stimulational characteristics, 
will be discussed in the following section on “Complex Behavioral 
Development } ’ 

The snatch icflex oi snatching teaction was infrequently noted, 
having disappeaied as a common occuncnce as early as the fouith 
week (cf 5, p 68) The lighting 7 e flex. continued to be exhibited 
whenever the animal was released venttal side up, and was executed 
with a minimum of useless and uncool dmated movements The 
gtaipmg reflex, clutching or clinging t espouse, involving the more 
complex leactions of contact seeking and the seeking of bodily 
sitppojtj the most outstanding and persistent behavioi patterns din- 
ing the eaily stages of behavioi al development, gradually diminished 
both in ficquency and in degiee of manifestation By the end of 
the second yeai, such reactions were observed only in cases of 
seveie emotional excitement (cf below). Whereas it was once 
almost impossible to force the infant to relinquish his giasp on a 
suspended horizontal bai (5, pp 69-72), such reactions were but 
occasionally obseived at one yeai of age, and by the end of the 
second yeai the subject would not cling to the bai under any con- 
ditions whatsoever, but would immediately drop to the flooi These 
data aie analogous to those repoited by Watson, Gesell, and others 
foi the human infant As pieviously pointed out (5), this transition 
in giaspmg oi clinging behavioi was giaduai, and its decreasing 
manifestation was con elated with the acquisition and development 
of locomotion and othci complex sensoiimotoi cooidmations The 
above statements aie made with lefeience to what may properly 
be termed the giasping oi clinging icflex, manifested whencvei the 
usual means of support was icmoved (eg, clinging to a suspended 
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bar in mid-air), and do not refer to cases in winch the monkey 
grasped or clung to a desired object, such as a piece of food. The 
grasping response per se undoubtedly remained intact, although it 
was no longer elicited by stimulation involving Joss of suppoi t, the 
entire picture being further complicated by the animal's wide range 
of adaptive, substitute, or alternative reactions, 

By the end of the second year, locomotor abilities, including 
walking, running, jumping, climbing, and iclated activities, had 
reached a state of perfected coordination and efficiency equal to 
that of the typical adult macaque. This development was at first 
observedly retarded by the artificial isolation and attendant re- 
striction of stimulation and response experimentally imposed upon 
the subject for the first one and one-half years, although the subse- 
quent one-half year penod of association with other members of 
the species was sufficient to make up for the minor initial deficiency. 
There was, however, a tendency foi the subject to rear up, stand, 
and walk for short distances on his hind feet alone more often than 
in the average macaque. This obseivation was made as caily as the 
beginning of the fourth month (5, p. 73), and continued to hold for 
subsequent periods, although tuition in the trait was never given. 
Likewise, the tendency to climb oi oiicnt upward was not observed 
during the second year. As pointed out in the article dealing with 
first year development (5, p. 74), upward climbing reactions to 
the vertical stick and npwat d orientation on the elevated platform, 
markedly present immediately subsequent to biith, tended to dis- 
appear after the infant had learned to walk and nuke a wide 
variety of substitute adaptive leactions. This finding, a conobora- 
tion of the results of Tinklcpaugh and Hartman (32), is closely 
related to the observed disappearance of the grasping reflex (cf, 
above), since the upward climbing reaction is obviously complicated 
by the basic grasping, clutching, and contact-seeking responses, by 
emotional factors, and in fact by the developmental status of the 
entire behavior repertoire of the subject 
Play behavior, consisting of running, jumping, climbing, and 
leaping upon and seizing objects, with attendant vocalization, showed 
a pronounced increase immediately after Kras was housed in dose 
proximity to other monkeys. When let out into the ccntml aicna 
or runway, he would run from side to side, climbing up the screen- 
ing at the end of the enclosure, only to jump to the flooi again 
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He would often climb up on the heavy diamond mesh forming the 
door of another animal’s cage, and would frequently swing back 
and forth on the door of his own cage, alternately opening and 
closing it. The last few weeks of the second j'ear, however, 
seemed to show a slight decrease in general amount of spontaneous 
play activity. This may have been a mere artifact, or may possibly 
be a precursor of a less active existence Carpenter (4, p 79 f¥. ) 
has recently obseived that the amount of play activity shown by 
young howling monkeys in their native habitat "increases until the 
juvenile 1 stage, and then there is a rathei sharp decline to a 
minimum of play in adult animals” It is also inteiesting to note 
that rarely did the present subject, during the course of his climb- 
ing and random play activities, inveit his head or body. Descents 
fiom a height were almost invariably made either in the human 
fashion, hind feet first, or by jumping Additional relevant ma- 
terial regarding play activities, especially as influenced by social 
stimulation, will be presented in the following section. 

Too much emphasis cannot be placed upon the remarkable degree 
of sensonmotor coordination attained by the two-ycai-old subject. 
Whcieas during the early days, "misjudged distances were the rule 
rather than the exception” (5, p. 76), later reactions were perfected 
and executed with such piecision, speed and timing, that they often 
escaped human observation Especially outstanding was behavior 
pjedominantly chaiact enzed by prehension and manipulation of 
stimulus objects Use of the pedal extremities, however, was 
definitely infenor to that exhibited by the typical macaque. This 
deficiency may with a high degree of probability be attubutcd to 
the experimentally imposed isolation, with lack of stimulation and 
practice conducive towaid the development of such behavior. 

Use of the cheek pouches , fiist noticed at 107 days of age (5, 
pp. 76, 81), became a common behavior trait, not unlike that of 
the aveiage rhesus monkey This topic will be discussed in con- 
nection with feeding behavioi in the following section. 

3 Complex Behavioral Development . During the second year, 
feeding behavior , including biting, chewing, and swallowing, was 
obseived only in situations wherein food was available, showing 
that diffeientiation with lespect to such stimuli had been satisfac- 
torily accomplished. This behavior was in marked contrast to the 
early tendency to bite immediately at any object held within the 
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infant’s visual field (5, pp 78-79). If food was presented winch 
had never before been experienced, Kras would seize and convey it 
to the nose foi olfactory inspection, before putting it in Ins mouth. 
When satiated, the subject no longer made the once characteristic 
thrusting and slapping movements of the arms and hands, but left 
the food at once and icactcd to other stimuli If the food were 
removed before satiation had occurred, however, the same type of 
violent emotional response was made as foimcrly, involving pucker- 
ing of the mouth, vociferation, frequent thumbsucking, plus a new 
addition, jumping up and down 

Liquid food was taken fionn the pan by the combined process 
of suction and lapping movements of the tongue. The lepcatcd 
gi asking reaction with the hands and fingers while feeding, involv- 
ing alternate opening and closing of the hands and digits, which 
at first was made with such frequency but which disappeared by the 
tenth postnatal week (5, pp, 80-81), was never again obscivcd in 
a food-taking situation, although such behavior did rcappcai during 
violent emotional stress. In the natiual, undistuibed mother -infant 
situation, these early clutching reactions, in so far as they arc elicited 
by and directed toward the ventral funv suifacc of the suppoiting 
mother (16, 31, 32), undoubtedly have some adaptive value, and 
such behavior was "'‘earned over” and exhibited by the infant Kias 
in response to feeding situations after expel imcntal isolation fiom 
the mother, the dinunuation and subsequent disappearance of such 
reactions talcing place in conformity with a principle not unlike 
that of exp ei oriental extinction. 

The cheek pouches were fiequcntly used for storage of food, es- 
pecially if the subject was fed in the immediate picsoncc of othei 
monkeys. Food could thus be hurriedly taken, retained, and subse- 
quently eaten over a period of time, being pushed out into the mouth 
cavity with the hands oi shouldei blades. Food prcjei cuccs were 
also exhibited, nidk, orange juice, and mush oi gruel being most 
readily taken thioughout the second year. It is of importance to 
note that these liquid oi semi-liquid foods constituted the exclusive 
diet up to the age of 5 months (cf. 5, p, 53), and maintained then 
preferential value hom the beginning Apple , inisin, peanuts, and 
sunflower seed, having the highest motivating value for most of 
the monkeys in the Columbia colony, elicited sccondaiy picfci ential 
reactions in the present subject In fact it might he said that in 
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general the preference was inversely proportional to the dryness 
and solidity of the food. Banana was lelatively well liked. Kras 
did not actually peel it, however, as does the typical monkey, even 
when the peeling is later to be eaten This lack of specific differ- 
ential response to peeling and internal fiuit characterized the sub- 
ject’s behavior from the first, as was pointed out in the previous 
report (5, p 82), and certainly cannot be attributed to lack of 
lequisite sensorimotor mechanisms Only occasionally, when the 
relatively harder peeling offered inoie resistance to the teeth, did 
Kras push back the peeling a few millimeters with his thumb. The 
succeeding bite, however, consumed both peeling and enclosed fruit 
No coprophagous behavtoi was observed at any time Whereas 
on a few occasions during the first year the infant manually and 
olfactonly examined the feces, although never tasting or eating 
them, he seemingly learned to avoid them entirely, for even such 
cursoiy intei est and examination was never noted during the second 
year period 

Vocalization continued to be less frequent than in the average 
macaque of the same age The repertoire remained practically the 
same as that previously reported for the thiitectith and succeeding 
weeks (5, p 84), with the single addition of what may be termed 
a “hunger-anticipation cry,” which appeared duiing the lattei part 
of the nineteenth month, aftei the subject had been housed for 
2-3 weeks in close pioximity to the other monkeys In general, 
the following four types of cries could be distinguished by the 
end of the second year 

1 " Play try," consisting of a clear, shrill, and high-pitched 
cry made with the lips pursed and rounded, A given cry 
somewhat resembled the sound of the double vowel m the word 
“food,” although slightly sluired, and incie.ised and then 
decreased in pitch 

2 " Fear-Pain cry /’ consisting of a scream of rapidly vary- 
ing pitches, made with the mouth open and the entire face 
wrinkled and distorted. 

3 "Food-Contentment ay,” consisting of a soft, short, 
guttural, and slightly hoarse noise, often accompanying eating, 
gentle stroking or handling, or attainment of contact or support 
after emotional stimulation, and often associated with l apid 
opening and closing of the lips (“mouthing response”). 

4 "Hunger- Anticipation cry/’ consisting of a clear, falsetto 
cry of descending pitch, made with the lips in then normal 
position and the mouth partially open 
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The difficulty and necessary artificiality of lcducing the complex 
vocal behavior of the Macaco, mulatto to a simple classification can- 
not be overemphasized If the restrictions and limitations of the 
classification are kept in mind, however, it does seem both cinpui- 
cally justifiable and profitable to isolate these major types of vocal 
behavior, and to consider other cries as modifications of the above 
four The repertoire of the present subject at two years of ape 
seems to have been fully as complete as that of the other, older 
monkeys in the Columbia colony The “food-contentment ciy’’ was 
more fully developed and frequently elicited than in the othci 
macaques. With iespect to the fouith 01 “hunger-anticipation cry,” 
it is interesting to note that it was acquit ed in the most exact detail 
from the other monkeys At no time was it heaid dining the penocl 
of isolation, prior to the nineteenth month Later, howcvci, when 
the experimenter would enter the laboratory in the morning just 
before feeding time, the sound of his footsteps and the opening door 
would immediately elicit the cry from Kras and the entne colony. 
Similarly, the dosing of the icc-box door caused the same vocal 
reaction, which did not occur at the closing of cabinet and other 
doors not associated with or conditioned to food- taking situations 
Prehension , manipulation, and eye-hand coordination have been 
discussed in the preceding section Handedness continued to be 
non-prefercntial, the subject being completely ambidextrous with 
respect to frequency and efficiency of manual prehension and 
manipulation Play behavior has also been discussed at length above 
It might here be added that, at approximately the nineteenth month, 
Kras developed a more or less indirect, circuitous, or “stalking” 
type of play activity which ivas not exhibited pnor to Ins entry 
into close association with the other monkeys at 18 months of age 
(cf. 5, p 75) Although the account of the development of their 
non-isolated rhesus monkey does not go beyond the fifteenth week, 
Lashley and Watson (22, pp 137-138) desciibe the play of then 
subject as “beginning as simple thiusting out of his hands against 
his mother, and state that it developed rapidly into the more 
complex stalking of vaiious objects in the cage.” They also ob- 
served that “the stalking play was at fiist directed toward all 
conspicuous objects in the cage, but as the baby learned to eat 
solid food his attention became more and more directed toward this, 
and his play activities to ccntci around it ” Thus the picsent finding 
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would be expected in the light of Lashley and Watson’s data, i.c., 
the absence of such activities during an extended period of complete 
isolation, and the lapid acquisition of such behavior when the animal 
was placed in a more competitive situation wherein such leactions 
were frequently practiced by all concerned 

This noticeable increase in play behaviot has been described in the 
previous section dealing with "Sensorimotor and Simple Behavioral 
Development.” Such an increase may be characterized as a gradual 
change fiom the onginal self-composed 01 more nearly "introverted” 
type of play bchavioi toward a more objective 01 "extroverted” mode 
of lesponse In this connection, Lashley and Watson (22, p. 138) 
make the following statement in regard to their infant macaque. 

“Self imitation,” so marked during ceitain stages of the 
human infant, was almost entirely lacking The few actions 
which might he so interpreted were those of climbing and 
leaping, with evident enjoyment of the activity itself . In 
most of his play, however, his interest seemed to be centered 
in external objects rathei than in the movements themselves. 

It seems clear, however, that in the piescnt case at least, this 
external reference was slowly acquired dunng the development pro- 
cess, and that tile acquisition of such behavior, undoubtedly retaided 
by the experimentally imposed isolation, was rapidly enhanced by 
placing the monkey with othei animals in a more extensive milieu 
of stimulating conditions 

Little variation in the patterned emotional behavior of the subject 
took place dunng the second year, although the nature and lange of 
stimuli eliciting a given emotional response were considerably altered 
The greatest change occurred in connection with the " fear leaction" 
whose pattern has been previously described (5, p 86) This 
response pattern, violently elicited (postnatal) by removal of con- 
tact or suppoit but not originally elicited by loud sounds, came, 
by the end of the second year, to be evoked by certain loud and 
novel sounds, such as the bark of a dog or the sound of bieaking 
glass, and at the same time disappeared m response to stimulation by 
removal of support The latter disappearance may be easily under- 
stood in terms of the acquisition of other modes of adaptation to the 
once "feai -evoking” lemoval of support, and might have been pre- 
dicted on the grounds of bchavioi al development. Similarly, the 
later potency of ceitain loud and novel sounds as instigators of 
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"fear” behavior may quite likely have been the result of condition- 
ing received subsequent to the eighteenth month The "> age' or 
"anger reaction J (cf. 5, p 88) continued to he evoked by hampering 
or restraining the animal's movements, being accompanied by thumb - 
sucking and, on very rare occasions, by what we have termed the 
"fear-pain cry ” The "love traction” also showed but little change 
(5, p 88), and was made on occasions immediately following ex- 
treme fright or in response to certain other monkeys oi to the 
experimenter (never to strangers). At such times the "food-contcnt- 
ment cry” was commonly made. In general, it may be stated that 
during the first two postnatal years emotional behavior became 
gradually less intense with increasing morphological and behavioral 
development 

Clingtng behavior, oiiginally elicited in i espouse to the experi- 
menter’s hand, so that the latter literally became a fetish foi the 
animal, although at fiist without sexual significance (5, p 91), 
took on the function of a sexual stimulus toward the beginning 
of the second year, although the exact date cannot he accurately 
given The original traces of this behavior were gicatly icinfoiccd 
subsequent to the eighteenth month, at which time the infant's 
curve of sexual behavioi rose with a rapidity gieat enough to be 
characterized as "insight” by the typical Gcstaltist. A moie detailed 
account of sexual behavior will be presented below. 

Emotional fits or tantrums continued to result from forcibly 
depriving the monkey of a play or food object (cf. 5, p. 91) 
Similar emotional responses ensued if such a desired object was 
given to another monkey, and will be discussed below in connection 
with the more complex trait of "jealousy.” If at any time a small 
leather belt, similar to that worn by the other members of the 
colony, was placed around his waist (5, p 92), Kras immediately 
showed the characteristic emotional grasping behavior, pulling at 
the belt, clutching himself, swaying or oscillating back and forth, 
suclong his thumb, and crying, until the belt was removed. At 
such times Kras would also utter the "fcai-pain cry,” leai up on Ins 
hind legs and go around m circles, often striking his head and body 
against objects in the room in his frenzy to remove the obstacle 

It is of interest to note that at no time did Kias, rcgaidlcss of 
Jus emotional state, make the slightest attempt to bile the wntci, 
although on rare occasions he would playfully bite a stiangci at 
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the slightest provocation. Nor would he utter a cry if hurt or 
painfully stimulated by the experimentei. The prick of a needle 
would elicit only contoition of the face and spoiadic escape move- 
ments similar to those made if he were forcibly restrained. The 
"feal-pain ciy” thus j a rely denoted pam per se, but moie often anger 
or othei antagonism resulting fiom such stimulation. 

It will be lecalled from the original aiticle on fust ycai develop- 
ment (5, p 92) that oscillating or swaying movements were piesent 
fiom the third postnatal day, being "usually made in an emergency 
and highly emotional situation M The exact pattern of response 
involved either placement of the hands and foiearms on the floor 
dnectly in fiont of the body or giasping the thighs oi hind legs, 
the total body maintaining the sitting posture, and the making of 
rapid and rhythmic movements, the body being alternately taised and 
lowered, ic, swayed back and forth In the ongmal report, the 
writer mentioned unpublished observations by Nissen on the oc- 
cuirence of such beliavioi in the chimpanzee, as well as the pre- 
viously unrepoited occuncnce of similai reactions in the isolated 
infant macaque of Engle Although such activity is superficially 
similai to that often occuiring in sexually stimulating situations, it 
should not be confused with attempted copulatoiy beliavioi, since 
its ontogenetic ongin, paiticulai stim,ulational antecedents, and 
component details aie entnely different in character. 

The ' 'mouthing and tongue i espouse" piesent fiom the seventy- 
first day, and involving lapid opening and closing of the mouth or 
lips and conesponding tlnusting and withdrawing movements of 
the tongue, and often occumng in conjunction with the “food- 
contentment cry,” was also frequently observed during the second 
year. As formeily, the response was often made befoie oi aftei 
feeding oi when the monkey was stroked or petted following extiemc 
flight (cf 5, p 92). Subsequent to the twentieth month, however, 
the response was additionally observed in sexually stimulating situa- 
tions in which the subject was attempting to copulate with some 
othei monkey or with the experimentei ’s arm The sexual signifi- 
cance of such a "mouthing response” prior to copulation has been 
recently reported by Caipentei (4, p 82 ft ) in Ins field study of the 
howler monkey In describing tins "piovocative” behavior of the 
howlei in its native habitat, Caipentei concludes* "The behavioial 
aspects pielimmary to copulation arc the lhvthmic tongue move- 
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ments provocative posturing, and exploratory behavior Such 
reactions were not observed in other, noil-sexual situations, as in 
the case of the present subject, although such a deficiency might be 
due to inadequate opportunities for observation or to the Inch of 
adequate stimulation such as that received by the present subject 
Thumhmckmffj anothei emotional accompaniment, also persisted 
throughout the second year, although the total amount of time spent 
in such activity decreased, owing to the larger and more varied 
repertoire of substitute behavior. The great toe of the left lund 
foot continued to be favored (cf 5, pp. 92-93), and as a result be- 
came greatly enlarged, the discrepancy in size between the great 
toes of the two feet being of the mtio of 2 to 3 The act was so 
firmly fixed that at times Kras would traverse the length of his 
cage on three legs, the great toe of the fourth remaining "con- 
tentedly” in f his mouth. 

Several cases of interesting mannensms and "habit i esi<ltial$ JJ may 
be parenthetically noted. The upward motion of the hind foot as 
if to place the great toe in the mouth was cited in the previous re- 
port (5, p, 93) In the light of the recent work of Hull, it would 
be highly informative to know if such a response w'eic "anticipatory” 
and hence connected with any salivary distuibancc The disap- 
pearance of the lepeatccj grasping movements formerly made while 
drinking (cf. above) illustrates the abandonment of another such 
residual. A further example of habit residual is illustrated by fre- 
quent clutching of the right eyebrow with the corresponding hand. 
No foreign particle was detected m the eye itself, and the mannerism 
was probably due to tbc extremely long and projecting eycbiows 
which once undoubtedly paitinlly obstructed the infant’s visual field 
The reaching response persisted, however, although the longer eye- 
brows were carefully cut. 

The sexual behavior of the present subject was paiticularly in- 
formative, and deserves separate consideration quite npart from its 
emotional aspect The experimentally imposed conditions under 
which the animal lived and developed showed a remarkably high 
correlation with the sexual behavior patterns exhibited from time 
to time in the course of reactionnl development. The following 
statement was made in the repoit covering the fiist yeai development: 

As would be expected from other studies on isolated animals, 
the sexual behavior of the present subject was practically ml 
The swaying movements and mouthing reactions, although 
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superficially resembling modifications of sexual behavior, had 
no such actual significance The testes did not descend during 
the first year, , nor was erection observed during this period, 
although it has been subsequently noted In striking contrast, 

Lashley and Watson , observed such a reaction on the 
sixty-fiist day, (5, p 93) 

As pointed out above, the testicles remained undescencled during 
the second year Election was first noted during the fifty-ninth 
week, and continued infrequently to appear, although prior to the 
eighteenth month it was iaiely accompanied by other overt behavior. 
Occasionally ICias would touch the elected organ, but such manual 
manipulation was by no means moie frequent than similai behavior 
in response to other lelativcly erogenous areas of the face and ex- 
tiemities Thus theic was a minimum of explicit sexual behavior 
during the period of isolation, and the relatively late incidence of 
the then unconditioned and more or less strictly biological act of 
election, in conti ast to the data of Lashley and Watson, further 
substantiates this fact The behavioi of the subject, both when 
alone and when placed with othei monkeys for a short observational 
period, was consistently no asexual. 

After having been permitted closer association with other monkeys 
fiom. the age of 18 months, however, Kras began to exhibit such 
sexual behavior The earliest reactions consisted of olfactorily ex- 
ploring the body of the other monkey, clutching some part of the 
animal's body, usually the leg or back, and making a few sporadic 
thrusting movements of the pelvis Election was not always present 
on such occasions, and no preference was evidenced for female over 
male animals noi foi the rhesus over the cebus or capuchin types. 
In fact such leactions weie on a few occasions obseived in response 
to a rag or othei soft object By the end of the second year, the 
sexual behavior had become more or less localized with respect to 
the genital regions, and there was a general although by no means 
exclusive prefeience for female animals. The arm and hand of the 
experimenter continued to function as a sexual stimulus, as has been 
dcscitbed above in connection with the “mouthing and tongue re- 
sponse. “ The following quotation from the laboratory notes for 
October 5, 1934 is a typical illustration of sexual behavior at the 
end of the second yeat in response to a veiy tame and good-natured 
female macaque, appioximately 7 years of age: 



92 


JOHN P. FOLEY, JR. 


When turned out with Bright Girl today, Krns played 
□round in the arena for 4-5 minutes without Apparently notic- 
ing her. He finally approached and grasped her around the 
waist from the rear, after smelling the vaginal and muil 
regions several times. Erection appeared and, ns she remained 
crouching on the floor, he strengthened lus hold n round her 
waist with both arms, and made the characteristic rhythmic 
thrusting movements of the pelvis, the tad curling up under 
the legs Bright Girl remained passive, nnd the movements 
ceased within 10 seconds 

These data are in full accord with the findings of Hamilton (13, 
14), Tinklepaugh (29), and Zuckerman (43) on monkeys, and 
other investigators on infraprimate mammals in icgai d to experi- 
mental^ produced homosexuality and other sexual alienations and 
the consequent general importance of stimulating circumstances in 
conditioning fundamental drives and action-tendencies. The im- 
portant thing , so fat its the description of behavior is concerned, is 
not the constitution and relative strength of the so-called basic drives 
of the organism, but uither itoiv such "drives" are conditioned, for 
it is only this historical or biogi aplncal factoi which can adequately 
account for the specific slienglh and patterning of behavior. 

The reactions of the subject to othei animals continued to be posi- 
tive in all cases with the exception of certain monkeys who slapped 
and bit at Kras whenever he approached* and even in such cases 
definitely aggressive bchavioi was usually exhibited. The original 
clutching reaction (5, pp 94-96) of course disappcaicd, just ns it 
had in response to inanimate stimuli. Kras developed ccitain pre- 
ferences and avemons for particular monkeys, however, and these 
led to the formation of social groupings, incipient stages of phenomena 
which have been described by Bingham (2), Carpenter (4), Nissen 
(24), Zuckerman (43), and others for infrahuman pumates, and by 
Buhler, Gescll, Jones, and others too numerous to mention for the 
human child Thus, for example, Kras and Bnght Girl constituted 
one such early social grouping, quite independent of sexual behavior. 
They would climb around the cage and play togethei, even getting 
in and out of each other’s cages If another caged monkey would 
exhibit anger and menacingly jump forwaid to the door of its cage, 
both Kras and Bright Girl would approach and try to seize or bite 
the monkey's hands through the cage door Tins particular group- 
ing was weakened, however, as a result of frequent attempted 
copulation on the part of Kras. 
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Aggi essweness characterized the behavior of the subject through- 
out the second year Behavior not dissimilai to that termed jealousy 
was also frequently exhibited. If food weie given to another mon- 
key, even to one for whom Kras had foimed a positive attachment, he 
would often display a seiies of violent reactions, jump up and down, 
put his ears back against his head, and utter the "hungei -anticipa- 
tion cry” followed immediately by the “fear-pain cry,” and if these 
were to no avail, he would finally lesoit to thumbsucking On rare 
occasions he would become bold enough to dash up and try to 
snatch the food from the other monkey’s hand, although he was 
usually briskly cuffed away, after which he would not dare to 
repeat the attempt for some time. He would become quiet im- 
mediately if given food, making the “mouthing and tongue response” 
and utteung the “food-contentment ciy.” 

Ceitam early pe/ceptual reactions of the subject, occurring piior to 
experience with a particulai object 01 class of objects, are not without 
interest The evolution of the subject’s reaction to his mirror image 
was described in the previous report (5, p. 9S) and showed little 
further change In fact it became increasingly difficult to get the 
animal to attend to a given stimulus object, since such a wide variety 
of stimuli and reaction -systems was continually competing foi his 
attention. On one occasion during the fifty-fourth week, however, 
Kras was seen suddenly to place his ears back and jump forcefully 
against a large pane of glass, in which he no doubt saw his reflected 
image The lack of diffeiential response to the peeling and fruit of 
a banana has been discussed above in connection with feeding be- 
havioi At 16 month of age, the i espouse to ice was first tested 
When a piece of ice was placed on the floor of his cage, he looked 
curiously at it, slapped at it, and then explored and finally seized 
it in both hands and jumped up onto the shelf of the cage He held 
the ice foi approximately thiee minutes, licking it periodically and oc- 
casionally trying to bite it Finally it was abandoned on the floor, 
although he returned and continued to play with it from time to 
time. Two further interesting obseivations on peiceptual behavior 
duiing the first ycai were unfoitunately omitted from the previous 
report. During the forty-fifth week, Kras was seen to teach out and 
attempt to grab or manually manipulate smoke rings accidentally 
blown by an obscrvci Similarly, at approximately one year of age, 
he was observed to jump up into the laboratory sink and endeavor 



94 


JOHN P. FOLEY, JR, 


to climb up a smoothly flowing stream of water The above ex- 
amples of objectively inappropriate reactions, although slcctchily 
drawn, illustrate certain stages in the development of perceptual 
adaptations, and arc not without value for an empirical oi behavioral 
theory of space and object peiception. Such subtle conditionings 
which inevitably occur during the rcactional biogiaphy of any 
organism can be profitably investigated only by means of a genetic 
approach. The work, oi Pmget and, ottars on the acquisition vi 
perceptual and conceptual reactions in the human child finds many 
counterparts in the field of animal behavior, and such a field offers 
unlimited opportunities for further reseaich 

Lastly, it may be stated that neither auto- grooming noi "social” 
or inter -individual grooming (cf. 5, pp 98-101) was exhibited by the 
present subject during the first two years of life. Whcthei such a 
behavioral deficiency was due to the absence of dirt and body para- 
sites or whether it may be attributed to the lack of oppoitunity for 
the early acquisition of such a reaction pattern cannot be stated, 
The data nevertheless cast considerable doubt upon the hypothesis 
that grooming is an instinctive primate function or that it is de- 
pendent upon neural or neuro-muscular maturation, 

References 

1, Alverdes, F Social life in the animal world. New York Ilarcourt, 
Brace, 1927 Pp 216, 

2 Bingham, H C Gorillas in a native habitat. Carnegie Inst of Wash- 

ington, 1932, Publ No 426 Pp 66 

3 Brehm, A E. Thierleben, Leipzig, 1922 

4 Carpenter, C R A field study of the behavior and social relations 

of howling monkeys. Comp Psychol Monog,, 1934, 10, 1-168 

5, Foley, J P, Jr. First year development of a rhesus monkey (Atncaca 
mulatto) reared in isolation J, Genet Psychol, 193+, 45, 39-105, 

The comparative approach to psychological phenomena. 

(to nppear) 

7 Fogey, J, P, Jr,, & Warden, C. J, The effect of practice on the 

delayed reaction in the rhesus monkey. J, Genet Psychol . 1934. 44 
390-413 > ’ 

8 Gesbll, A, Infancy and human growth. New York. Macmillan 

1928. Pp 41 g, * 

9 The mental growth of the preschool child New York* 

Macmillan, 1930. Pp 447 

10, “ — An a tlas of infant behavior* a syatemntic delineation of 

the forms and early growth of humnn behavior patterns. Vol, 1 : 
Normative senes, 1-524, Vol, 2 Naturalistic aeries 526-922 New 
Haven Yale Umv, Press, 1934 Pp. 922 



SECOND YEAR OF AN ISOLATED MONKEY 


95 


11 Gesell, A,, & Thompson, H, Infant behavior its genesis and growth 

New York McGraw-Hill, 193+, Pp 343 

12 Gilmer, B v II An analysis of spontaneous responses of the new- 

born infant J Genet Psychol , 1933, 42, 392-405 

13 Hamilton, G V A study of sexual tendencies in monkeys and 

baboons J Antm Behav, 1914, 4, 295-318 

14. , Objective psychopathology St, Louis: Mosby, 1925 Pp 296 

15. Hartman, C. G, & Straus, W L [Eds] The anatomy of the rhesus 

monkey (Macaco mulatto) Baltimoie Williams & Wilkins, 1933 
Pp 383 

16 Hartman, C G,, & Tinklepauch, O L Wcitere Bcobachtunger uber 
die Geburt benn Affen Macacus jhesus Atch , { Gynakol , 1932, 

21-37 

17. Jacobsen, C. F, Jacobsen, M M, & Yoshioka, J G Development of 
an infant chimpanzee dining hea first year, Comp Psychol Monog , 
1932, 9, 1-9+ 

18 Kellogg, W N, Humanizing the ape Psychol Rev , 1931, 38, 160-176. 

19 Kellogg, W N,, & Kellogg, L A The ape and the child New 

York Whittlesey House, 1933 Pp. 31+ 

20 Kohler, W The mentality of apes New York; Harcourt, Brace, 

1924. Pp 342 

21 Kuroda, R. Untersuchungen uber die korpeiliche und sinnesphysi- 

ologische Organisation eines neugeborene Affen (A/ cyn ) Acta 
Psychol Keijo , 1930, 1, 3-16 

22 Lashley, K S , & Watson, J B Notes on the development of a young 

monkey J A mm Behav , 1913, 3, 114-139 

23 Maslow, A H Dominance and social behavior of monkeys (ab- 

stract) Psychol Bull , 1934, 31, 688 

24 Nissen, H W A field study of the chimpanzee observations of 

chimpanzee behavior and environment in Western French Guinea 
Comp Psychol Monog, 1931, 8, 1-122 

25 Noback, C V The Zoological Park’s young female gorilla, Janet 

Penserosa, with notes concerning her companion a young female 

chimpanzee, Ellen Allegra Bull New York Zool Soc , 1931, 34, 
75-10+ 

26. Ram Bramha SAnyAl A handbook of the management of animals in 
captivity in lower Bengal Calcutta 1892 

27 Schultz, A H Fetal growth of man and other primates Qttar. 

Rev Biol, 1926, 1, 465-521. 

28 Growth and development In Anatomy of the rhesus mon- 

key (Macaco mulatto), ed by C G Hartman, & W L Straus 
Baltimore Williams 8c Wilkins, 1933, Pp 10-27 

29 Tinklepauch, O L The self-mutilation of a male Macacus rhesus 

monkey. J Mammal,, 1928, 9, 293-300 

30 Fur-picking in monkeys as an act of adornment. J 

Mammal , 1931, 12, +30-431 

31 Tinklei'augh, O L, & Hartman, C G Behavioral aspects of 

parturition in the monkey, M. rhesus J Comp, Psychol, 1930, 1, 
63-98 



96 


JOHN P. FOLEY, JR. 


32 , Behavior and maternal care of the newborn monkey, M. 

rhesus J, Genet Psychol , 1932, 40, 257-286. 

33 Wallace, A R, The Malay archipelago London' Macmillan, 1922 
Pp. 493, 

34. Watson, J, B Imitation in monkeys Psychol. Bull , 1908, 6 , 169-178 

35 . Psychology from the standpoint of n hehaviorist Pluln- 

tlelphia: Lippincott, 1924 Pp. 448. 

36. Watson, J B., & Raynor, R Studies in infant psychology Scicnt 

Me., 1921, 13, 493-515, 

37 . White, E A. A captive-born chimpanzee Sc sent Mo., 1929, 29, 

558-565 

38. YERKE 3 , R M. Almost human. New Yoik: Century, 192S. Pp 278 

39 . Yale laboratories of comparative psychobiology Comp, 

PsyefsoL Money , 1952, 9, 1-33. 

40. , Genetic aspects of grooming, a socially important primate 

behavior pattern J Soc Psychol,, 1933, 4, 3-25 
+1 Chimpanzee-culture and psychobiological research (ab- 

stract). Psychol, Bull, 1934, 31, 669. 

42 Yerxes, R M, & Yerkes, A W. The great apes, New Ilavcn Yale 
Unlv Press, 1929. Pp. 652 

43, Zuckerman, S The social life of monkeys and apes, London, Kcgnn 
Paul, 1932 Pp. 356 

44 Functional affinities of man, monkeys, and apes. New 

York Harcourf, Brace, 1933, Pp 203 

Columbia University 
New Yoik City 


LE DSVELOPPEMENT PENDANT LA DEUXIEME ANNliE D’UN 

SINGE RHESUS (Maca C/ i mulatta) ^LEVE DANS L’ISOLATION 
PENDANT LES PREMIERS DIX-IIUIT MOIS 
(R£sum 6 ) 

Cette itude est line continuation d’une 6 tudc ddjft tapportdc, et dccrit 1e 
diveloppement pendant la deuxifeme ann£c d’un singe rhdsus ( Mucaca 
mulatto) 61ev£ dans ['isolation complete dc la nnfcrc et dcs autres inembres 
de 1 ’esp^ce pendant les premiers dix-huit moi 9 , et subsfiqueinmcnt logo nvee 
d autres singes dans les quarters generaux des primates du laboiatoirc 

L’auteur appuie sur le be SO in d’une connaissance ddtaillie dc I’histoire 
psychogenetique sp 6 ciale ou biographic rdactionnelle d'un animal cxp 6 n- 
mental quelconque employ^ dans la recherche du cornportcment L’aulrc 
paitie de 1 article discute (’experience ellc-mSme, y compris la description 
□u proHhne, Ipahtai, le regime, et la discussion des rhultais Qtraird 
possible, on rapporte les donndcs pertinentes d’nutres investigations On 
aiscute les rfcsultats sous trois titres pnneipaux, appuynnt surtout sur !c 
troisiCme; * 

(11 le tlSveloppement physique 

(3) le divdoppmeni s e nsorirnoteur et le d&veloppement simple du 
comportement 
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(3) le develop pern ent complete du comportement 
La dermirc cat6goiie comprcnd la discussion du comportement de manger, 
la vocalisation, la pi£hension et la manipulation coordonnees, les activity 
du jeu, le compoitement cmotif, le sucement du pouce, les mani^nsmes, les 
reactions anormales et les reates des habitudes, le comportement sexuel, les 
reactions aux autres animaux, les groupemeiUs sociaux, les puncipaux traits 
de personnaht6, le comportement perccptif et conceptif, et les soins de 
propretS 

Non settlement oil d£crit le d£veloppement graduel de ce comportement* 
majs on essaie de confer I’acquisition des divers syst&mes de reaction nvec 
les circonstances stimulantes speciales qui les a produit9 Le changement 
soudain du sujet d’une situation d'isolation complete lmposce exp6nmentale- 
ment A celm dissociation intime avec les autres singes rend plus claire la 
nature des m6canismes de comportement A la base, 

Foley 


DAS ZWEITE JAHR DER ENTWICKLUNG EINES RIIESUSAFFEN 
(. MACACA MULATTA), DER WAHREND DER ERSTEN 
ACIITZEHN MONATE IN ISOLIERUNG AUFWUCHS 
(Refeiat) 

Diese Abhandlung ist eine Forsetzung einer fruher berichtetcn Unter- 
suchung und beschreibt das zweite Jahr dei Entwicklung ernes Rhesusaffen 
(Macaco mulatto . ), der in vollkommcner Trennung von der Mutter und 
andeien Mitglicdern dei Gattung wahrcnd der ersten IS Monate auf- 
wuclis, und der mit anderen Affen tm Labor atoiium untcrgcbracht wurde 

Der Autoi betont die Notwendigkeit einci ausfuhrliclien. Kenntms der 
besondeicn psychogenetischen Geschichte odei Reaktionsbiograplne ngcnd 
eines Tieres, das zu experimentellcn Zweckcn gebrauclit wird Der Rest 
der Abhandlung bcschafugt sich mit dem cigcntlichen Experiment, das 
cine Besclireibung des Problems* Fundoites, Dictat, und einc Eroiterung 
der Eigebnisse enhalt Diesbezugliche Ergebnisse von anderen Expen- 
menten werdcn womoglich angegeben Die Ergebnisse werden unter drei 
Hauptuberschiften bcsprochcn, mit besondeiei Deiucksichtigung dei 
dntten 

1 Physische Entwicklung 

2 Sinncsniotor- und einfache Verhaltungsentwicklung 

3 Komphzierte Verhaltungsentwicklung 

Die letzte Kategorie schliesst eine Besprechung des Fressverhaltens, der 
Vokalisation, koordimerten Ergreifens und der Handbabung, Spieltatik- 
keiten, affektiven Verhaltens, Damensaugens, Mameriertheiten, anormalen 
Reaktionen, und Gewohnheitsruckstande, Geschlechtsverhaltungswcisen, 
Reaktionen auf andere Tiere, sozialen Gruppierungen, hervorragenden 
Personhchkcitszuge, Wahrnehmungs- und Vorstellungsverhaltens, und 
Pflegens cm 

Niclit nur wird die allmahliche Entwicklung von solchem Verhalten 
beschneben, sondein nnch wird dei Versuch gemacht, die Erwerbung der 
verschiedenen Reaktionssysteme mit den besondeien Reizungsumstanden zu 
korreheren, die sie erzeugt haben Die plotzhche Andcrung des Versuch- 
tieres von einer auferlegten Situation der vollkommenen Trennung zu 
einer dei intimen Assoziation mit anderen Affen eileuchtet die Natur dca 
unterhegenden Veihaltungsmechamsmus 
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THE AGE FACTOR IN REMINISCENCE: A COMPARA- 
TIVE STUDY OF PRESCHOOL CHILDREN 
AND COLLEGE STUDENTS* 

from the Department of Psychology of the University of Mujoun 


Grace O McGeoch 


Problem 

In a recent critical review (4) of the experimental litci.iUuc on 
reminiscence, a phenomenon there defined as the iinpiovcment in 
the recall of incompletely learned material aftei an intcival of time 
without internment formal relearning 01 review,” it was concluded 
that the lelationship between age and reminiscence had not yet been 
established Attention was called to the fact that the results of 
those expet iments in which apparent age diffcicnccs were obtained 
(1,2) did not justify the conclusion that age is a factoi in icinin- 
iscence since there was a lack of unifoimity in experimental con- 
ditions with the different age levels, particularly in the materials 
learned Moreover, "Williams' experiment (6), in which the learn- 
ing material was constant, did not throw light upon the icl.ition- 
ship between age and reminiscence because his published results are 
in terms of the percentage of retention of the gioup, a entenon of 
reminiscence demonstrated to be inadequate. 

More recently Liang 1 found no significant age differences in 
reminiscence in terms of the same criterion, and concluded that “the 
factor of age differences so much emphasized in Ballaid’s and Wil- 
liams’ findings could not be reproduced undei more carefully con- 
trolled conditions so far as the aggregate percentage of ictcnlion was 
concerned.” Liang used two age groups, 648 child len whose aver- 
age age was 112 years, and 353 college freshmen whose aveiage age 
was 19.5 years, equated degrees of learning of Chinese ballad poetry, 
and five intervals, one, two, three, four and five days For the one- 
and two-day intervals, howevci, the percentages of children showing 

Accepted for publication by Carl Murchison of the Editorial Hoard and 
received in the Editorial Office, February 14, 193S 

The study by Luh and Liang (1) wa9 brought to the writer’s attention 
through the courtesy of the senior nullioi after the completion of the present 
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is well above the maximum attained in Group VI (Table 2) when 
a 3-gm. reward was used on each trial. Results are piesented in 
Table 6. 

For Kambi the incentives used in the mixed senes weighed 5 gins, 
and 20 gms , respectively, the short delay was 360 seconds, the long 
delay 600 seconds Six senes of 10 tnals each (Group A) and four 
series of eight trials each (Group 15) were given, The system of 
alternations in Group A corresponded to days 7, 8, 9, 10, 7, 8, in 
Group B to days 7, 8, 9, 10 of Bokar’s schedule (sec above). The 
shorter of the two delay intervals employed in the mixed series was 
about twice as long as the maximum attained with a 5-gm leward 
in Group IX (Table 3). After completion of the Group A mixed 
series, Kambi was given 10 trials with a constant incentive of 5 gms 
and a delay of 360 seconds; her score was 50 per cent correct. At 
the end of the Group B series, scores of 88 per cent, 100 per cent 
and 75 pei cent were obtained on tlnee successive days of eight 
trials each 5 gms. reward, 360 seconds delay. 

Table 6 indicates (1) that, under the conditions of the mixed 
senes, the amount of incentive which the animal sees being placed 
into the container during the presentation period is of significance 5 
in determining the accuracy of the following response, (2) that 
under these conditions the length of the delay interval is relatively 
unimportant, and (3) that interspersing large-reward trials among 
the small-ieward trials results in a better performance (greater 
accuracy) with small incentives than is possible when only small re- 
wards are used. This suggests, then, that the incentive in delayed 
lesponse has both a general effect (as was also determined in the 
previous section) and an effect specific to the response following 
presentation (sight) of the incentive 

Scores at Certain Delay Intervals under Varying Conditions. 
With the exception of tile section on mixed series we have em- 
phasized, in this paper, the effects of the experimental variables on 
delay limits rather than on scores at given delay intervals The main 


B Using the formula ctp= \! , and combining Groups A, B and C, 

n 

we find that the difference between Bokar’a scoies with small and large 
rewards, respectively, is 3 5 times the SD of the difleience Neither of 
the other differences are statistically reliable, but all are consistent in 
direction 
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part of this experiment was planned to facilitate comparisons of the 
former kind rather than of performances at certain levels of dif- 
ficulty. Consideration of the varying number of trials given in a 
series (errors increase towards the end of a senes) and especially of 
the perseveiative effect of the incentive, indicated above, makes it ap- 
parent that comparisons by the second method will not be un- 
ambiguous. With this warning, wc picscnt, in Table 7, a summary 
recapitulation of the data, in which only scoies on immediately suc- 

TABLE 7 

Showing: relative magnitude of scares at the same delay intervals when (he 
incentive (n) is the same, (i) increases, and (c) decreases 
in successive test groups. 

(n) Same amount of reward per trial 
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cessive test groups ( adjacent columns in Tables 1-4) aie compared. 
Where there are several scores at a certain level within the same 
group, these have been averaged. No scores appearing below the 
italicized numbers in Tables 1 to 4 inclusive were used in making up 
Table 7. Group X of Bokar’s record is omitted because of the 
special conditions obtaining in these test series. The amount of dif- 
ference between scores is not considered; the figures in the table 
show merely the number of cases for each direction of difference. 

Analysis of Er?o?s In Table 8 is given a partial analysis of the 
errors made by the several animals in successive portions of the ex- 
periment. It is seen that some of the subjects had rather decided 
left-right preferences or tendencies; these animals seemed to be work- 
ing on the principle* When in doubt, take the right (or left) box. 
Of particular interest is the preponderance of errors during the last 
half, as contrasted with the first half, of each series. Table 8 has 
a total of 30 divisions in which the pertinent data are available 
(last three columns) , in 20 of these the second half has more errors 
than the first half of the series, in two cases the numbers are equal. 
The significance of this finding is enhanced when considered in con- 
nection with the fact (see above) that the number of trials per 
senes seems to have no effect on the scoies or delay limits obtained. 
It is tempting to conclude that the animals anticipated or had a 
“set” for the length of the experimental penod. A more detailed 
analysis of the distribution of errors, not presented here, shows that 
the number of incorrect lesponses does not increase with any reg- 
ularity towards the end of the series, the error curve shows marked 
fluctuations 

Response Time During all of Moos’s trials and during the latter 
half of the trials given Kambi, the time elapsing between the moment 
when the animal first had opportunity to respond and actual initia- 
tion of overt response was measuied with a stopwatch and recorded. 
Inspection of the records indicates a small positive correlation be- 
tween average response time and number of errors in a series, within 
a series wiong responses have, on the aveiage, slightly longer response 
times than have correct responses. The amount of incentive used in 
various test groups does not correlate with average response time. 

Summary 

Four young chimpanzees were used in delayed response situations 
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Showino Number or Errors Made on Left and Right Sidts, and During 
the First awd Second Halt of Each Sfrils or I rials 


Errors in Errors last 

first second vs first 



No of 
trials 

Total 
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Errors on 
Left Right 

half of 
series 

half of 
series 

half of 
senes* 




Bokar 
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63 
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50 

T 
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4- 

II 
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18 

26 

13 
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8 
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Group I 
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17 

13 

4 

7 

10 

+ 

11 

70 
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18 

3 

8 

13 

H- 

III 

50 

12 

10 

2 

4 

8 

4- 

IV 

100 

15 

14 

1 

5 

10 

4- 

Total 

450 

65 

55 

10 

24 

41 


All animals 

3209 

614 

323 

287 

244 

366 



A plug sign means that more errors were made during the Inst half of 
t e series than during the first half, a minus sign indicates the reverse 
relationship, and an equal sign shows that the number of errora was the 
some in both halves. 
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for the purpose of determining the effect of quantitative variations 
of the food incentive on performance 

The data show that an increase in amount of incentive used con- 
sistently increased the delay limits. Decrease in amount of incentive 
always lcsulted in lower limits. 

The amount of incentive affected not only response within a given 
trial, preceding ingestion of the reward, but produced also a gen- 
eral peiseverative effect on subsequent responses, raising or lowering 
efficiency of performance according to the relative size of the incen- 
tive. 

The “efficiency index” of the incentive, that is, the quantitative 
relation between amount of incentive and delay limits, is discussed 

Aftei pieliminaiy adaptation to the situation, meie practice did 
not increase delay limits The numbei of trials given in succession 
likewise seemed to have no influence 

More errors were made in the second half of each scries than 
dutmg the first half, regardless of the length of the series 
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t <twt7t tTFNJPF DE LA QUANTITY DU STIMULANT SUR LE RENDE- 
MENT DES CHIMP ANZ^S AVEC DES R4P0NSES RETARDfiBS 

(R6aum6) 

Dan cette 6tude ll a’agit des eifets g^raux et spicifiqucs des variations 
quandtadves tie la nournture com me stimulant sur 1c rcndemcnt dc quatrc 
jeimes cLumpanzia avec dcs riponscs rctardces 
En employant une quanllt* donnie de recompense, on n entrain* cltnque 
sutet 4 choisir Tune de deux boites de naurriture dans laquelle tl avail vu 
nlacer de La nourriture par VexpSrimentatcur L'jntervnllc de temps entre 
la mise de nourriture dans In boJte « l'occnaion dc In liponse n 6t* sys- 
tfematiqncment augment juaqu’i cc que Von avait ntteint In bimte dc In 

rctnrdation , , . . , , , , 

Une augmentation de la quantity dc la recompense n donn* consequ emment 
comme resultat une augmentation de In dur*e oil 1c sujet n pu rtpondre 
comme H fnut La ddcroissancc dc la quantile dc la recompense a produit 

L’effet contraire. , , , , . . , . . 

Outre I’cffet sur l’exactitude de la reponse qui precede In vrmc ingestion 
dc la recompense, la quuntit* dti stimulant produit un ctfet g*n*rnl de 
pers6v*rntion sur \es leponses subs*quentes Aprils qu’un nnrmnl nurn 
montre un rendement r6ussi 4 de longs intcrvallcs dc retardation sous la 
condition d’une grande recompense, sa limitc de retnrdnlion sern plus 
6Iev6e qu’auparavant. On montre que les effets de Vexcrcisc seuls tie 
peuvent expliquer cet effet. Quand on entremfilc des *prcuvcs 4 grande 
recompense avec des *preuve9 4 petite recompense, on a comme i*sultnt un 
meilleur rendement avec la petite recompense que Von nc peut avoir quond 
la sdrie sc compose cntiirement d’eprciivcs petite recompense 

Nissen et Eider 


DER EINFLUSS DER MENGE DES ANSPORNES AUF DIE VER- 
20GERTE REAKTIONSLEI STUN GEN DEI SCIIIMPANSEN 
{Rcfernt) 

Dieses Studium besclutigt sich mit den nllgcmcinen nnd hcsondcrcn 
Wirkungen der quantitativen Verandcrungen des Futtcranspouics mif die 
verzogerte Reaktionsleistungen von vier jiingcn Sclwnpnnscn 
Beim Gebrauch einer bestimmten Menge Fulter als Bclohmmg wurdc 
jedes Tier tmimert, emen von zwei Futterkastcn zu wnlilen, in den es 
den VI das Futtcr hineinstecken sah, Der Zeilrnum zwischcn der Lndung 
des Kustens imd der Gclegenheit zur Reagiernng wurdc systematised 
vergrossert, bis die Grenze der Yeizogerung crrclclit wmtlc, 

Die fortdaurende Vcrmeliiung der Menge dei Belolinung cigab cine 
Vermehrung der Zeitdauer, die bei jedem Tier zum riclitigcn Rcagiercn 
notig war Die Verminderung der Belolinung hnttc die cntgegcngcsetztc 
Wirkung. 

Auescr^ dem Einfluss auf die Gcnaulgkeil der Rcaktion vor der cigcnt- 
lichen Einnahme der Belolinung erzeugt die Menge ties Anspoincs einc 
allgememe Beharrlichkeitswirkung auf nachfolgonde Kcnktioncn Naclulem 
das Tier die Leistung erfolgreicli uber 3nnge verzogeitc Zeitnbstnndc untcr 
der Bedingung einer grossen Belolinung smsgefuhit lint, wml seme Ver- 
zogerungsgrenze mit einer klcmcn Belohming liohct sein, nh sic vorber 
war s zeigte sich, class die Ubungswirkungen allein diese Wiikutig 
nicht erklaren konnen. Die Elnmisrimng von grossen Hclohmingcn mit 
k einen Belohnungen er gl bt einc bcsserc Leistung mit der klcincn Bclohmmg, 
b e^a timd * 1C " wenn die Reihe gnnz nus klcincn Belohnungen 

Nissrk UNO Elder 



SECOND YEAR DEVELOPMENT OF A RHESUS 
MONKEY (Macaca mulatto) REARED IN 
ISOLATION DURING THE FIRST 
EIGHTEEN MONTHS 4 *' 1 

From the Laboratory of Comparative Psychology, Columbia Univet sily 

John P Foley, Jr. 

The present papei represents a continuation of a previously re- 
ported study of the development of the rhesus monkey (Macaca 
mulatto ), and deals with the second postnatal year, the first half 
of which was spent in continued isolation, and the second half in 
contact with othei mcmbeis of the colony The need for such 
naturalistic and observational studies of the development of various 
primate forms needs no vcibal justification A detailed study of 
the ontogeny or developmental continuum of such an organism selves 
as an essential background for related investigations of a more 
experimentally conti oiled nature. The interpretation of the be- 
havior of animals in various expci imental 01 laboratory situations 
can be legitimately made only in teims of its laigcr genetic con- 
figuration or meaning — the reactional biogiaphy of the organism 
(cf. 5, pp 39-41 ) Yetkes (41) has admnably stated the need for 
standardized primates, paiticulaily of the anthropoid type, showing 
the many risks and disadvantages of using animals whose age or 
developmental status, sexual condition, disease history, and ex- 
perience are unknown, Nissen (24) has pointed out, foi example, 
how many of Kohler’s Vintage and instrumentation situations (20) 
might readily be explained in teims of behavior mechanisms acquired 
and frequently executed in the natural habitat of the chimpanzee 
rathe i than in terms of ;< insight” or some other vague and highly 
complex mental process. 

Not only is an understanding of the development of general 


^Accepted foi publication by C J Warden of the Editorial Board and 
received in the Editorial Office, February 1, 1935 
Acknowledgement is gratefully made to Di C G Hartman of the 
Department of Embiyology, Carnegie Institution of Washington, Baltnnoie, 
Maryland, for the donation of the subject of known parentage and gestation 
age, and to Dr C J Warden, of the Laboratory of Comparative Psychology, 
where the investigation was carried out 
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modes of primate response essential to intcrpietation of experimental 
data, but it likewise enables the investigator to formulate a problem 
mote in accord with the naturalistic behavior systems of the animal. 
Thus the elaborate and highly controlled experimental investigation 
must take into consideration a wide vaiicty of factors specific to the 
organism to be utilized, such as dominant reccptot and icactoi 
systems, dietary (especially maximal and minimal motivating con- 
ditions), general and specific rhythms and physiological conditions, 
and, above all, previous life history Nisscn (24, p. 4) has pointed 
out that “we should never be able to posit limits foi infra-human 
capacities without knowing how these creatures act in an environ- 
ment which, so far as wc can know, may be infinitely moic f.ivoi- 
able for the development and expression of such capacities than is 
a laboratory setting.” 

The recent foundation and growth of institutions foi the study 
of primate behavioral development both in Iahoiatory and field 
situations, such as is fittingly exemplified by the tripnilitc division 
of the Yale Laboratories of Psychobiology as described by Yerkcs 
(39), argue for the impoitance of the parallel growtli of both 
supplementary methods of appioach. It should be pointed out, 
however, that so-called laboratory or experimental and field or 
observational investigations are not antagonistic, opposite, mutually 
exclusive, or intrinsically different, but differ in the relative amount 
of control imposed upon the organism-in-enviionment situation. 
Thus in the average field study no extraneous control whatsoever 
is imposed either upon the organism oi upon its stimulating con- 
ditions, direct observations being made of the various inactions of 
the animal under such natuinlistic conditions. In the laboiatory 
experiment, however, various aitificial restrictions aie utilized, 
such as a priori selection of a given response or series of responses 
for experimental study, elimination of certain stimulational cues, 
enhancement of particular motivating conditions, etc. 

The necessity for complete data on the rcactional biography of 
the individual organism, and in some cases control ovci stimulating 
conditions from bath onwaid, is now quite generally recognized. 
In comparing the beliavioi of various pinnate forms, seiiotis con- 
siderations should be given to the wide differences in botli anatomico- 
physiological and psychologico-behavioral development from primate 
to primate (cf. 5) As Kellogg (18) has further pointed out, 
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compaiative psychology frequently fails to recognize the tremendous 
role played by environmental influence upon captive wild animals 
both prior and subsequent to their laboratory debut Any one who 
has had fust-hand acquaintance with the usual capture and transpor- 
tation conditions of wild animals will often wonder how such 
animals have ever been successfully used for behavior research. Any 
such wild animal who adapts to a strict laboratory routine has 
exhibited a far greater degree of behavioral modifiability than is 
required 01 produced by the average experiment. 

The writer has elsewhere (5) leviewed the literature dealing 
with the developmental aspects of the early behavior of the Macaco 
mulatto . , and has discussed both the implications and possibilities of 
such research That such studies are as yet surprisingly few indi- 
cates the complex of difficulties attendant upon any undertaking of 
this nature, as well as the past failure to recognize the various 
potentialities, both theoretical and practical, of this research. It is 
satisfying to note, however, that psychological and psycho bio logical 
research on the development of infra-human primates is increasing 
both in amount and in span of undertaking, and the resulting 
material is rapidly becoming data for a more inclusive science of 
comparative or evolutionary psychology (cf 6). 

Problem 

The present article reports fragmental y data on the second year 
development of a rhesus monkey (Macaco mulatto) j reared for one 
and one-half years m isolation from its mother and other members 
of the species, and subsequently housed with other monkeys both 
of a similar and diffeient species. The subject, a male, was subse- 
quently given the name “Kias ” The animal was born m the 
Laboratones of the Department of Embryology, Cainegic Institu- 
tion of Washington, Baltimore, Maryland, being the son of No. 
106 of that primate colony Birth occuncd m the early morning 
of October 9, 1932, after a gestation period of 167 days The 
infant was forcibly taken fiom the mother on the morning of 
Octobei 12, thiee days aftei birth, and tiansfencd by automobile 
directly to New Yoilc, where it has since lemained in the Laboratory 
of Compaiative Psychology of Columbia Umveisity 

Throughout the subsequent two-year penod, there was no at- 
tempt at tuition, noi was the animal reared as a pet Contact with 
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humans and other animals was kept at a minimum dui mg the first 
one and one-half years, involving only the feeding and obscivn- 
tional periods, after which the subject was housed with other 
monkeys and allowed to adapt and react with a minimum of external 
intci ference. As pieviously stated (5), it should be emphasised 
that the task was attempted as an cxploratoiy investigation oi pioncei 
study, the object being to test the fcasibihtv of icaiing an infant 
monkey in isolation, with the attending problems of diet, housing, 
and general care, and all other put poses wcie subordinated to this 
primary aim. Observations are thus often buef and fragmentary 
rather than final and conclusive, and this is all the more tine of 
the second yeai of development, since time for obseivation was 
limited It was deemed worth while to present a few of the most 
outstanding data, however sketchy and incomplete, as a further 
chapter in the reactional biogiaphy of the subject. The continued 
physical and behavioral development of the subject testifies to the 
realization of the primary purpose of the project, and it is hoped 
that the infant Macaca mulatta will be lncieasingly utilized m 
future comparative psychological research. 

The first year development has been described in detail m a 
previous report (5), and familiarity with lire material therein 
presented is necessary in order to grasp the lelativc significance and 
larger Gestalt of the present data. In older to avoid duplication 
as much as possible, many accessory data have been omitted in the 
present paper, and it is hoped that the leader will conectly regaid 
the data repoited in the following sections as as a rncic continuation 
of the previously reported investigation. As in the pievious rcpoit, 
not only is the gradual development of vaiious behavior segments 
described, but an attempt is made to com elate the acquisition of the 
various reaction systems with. the particular stimulating circum- 
stances which ■ produced them. The sudden change of tire subject 
from an experimentally imposed situation of complete isolation to 
one of intimate association with othei monkeys throws additional 
light upon the nature of certain underlying behavior mechanisms. 

Habitat 

Having been periodically ti'ansfcncd to increasingly laiger 
quarters at vaiious times throughout the fii-jt yeai (cf. 5, pp, 51-52), 
the infant macaque, then over five months old, was finally boused 
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in a standard monkey cage in an isolated part of the pi innate room. 
This cage was 28 x 35)4 x 34 inches, with a front door of 1-inch 
diamond mesh, and with a wooden shelf 18 inches above the floor. 
A l4' inc h galvanized grill flooi was situated above the sawdust 
floor pan Here the animal was i eared in continued isolation 
throughout the remainder of the fiist one and onc-half years, at 
which time, on April 9, 1934, it was transfeired to a similar cage 
within the primate aicna This arena is composed of two double 
lows of cages one on either side, facing each other, the ends and 
top of the intervening space being screened in with 1-inch diamond 
mesh so as to form a central enclosure oi runway 6 feet wide, 
13 feet long, and 7 feet high Here the subject could be daily 
allowed to exeicisc and play, both alone and with othei selected 
animals. The daily 30-minute period of Sunlamp stimulation was 
continued throughout the second year. 

Dietary 

The standardized Columbia weekly feeding schedule for monkeys, 
begun at the eight month (cf. 5, pp 52-54), was continued through- 
out the second year (cf below) As before, a cod liver oil picpara- 
tion was also employed daily, made fiom Squibb’s Adex Tablets, 
with Viosterol, 10 D, powdered and mixed with Lactophos (bone 
meal) The daily evening lation of banana was partially slit 
longitudinally and a small amount of this powdei sprinkled inside, 
theieby insuring a ccitain constancy and control in the amount 
taken, with a minimum of tiouble and inconvenience to both investi- 
gator and animal. This diet pioved most satisfactory, as is testified 
by the steady increase in weight (cf. Results) and by the fact that 
severe diarrhea or other pathological symptomatology was not evi- 
denced at any time throughout the two yea is 


Standardized Columbia Weekly Feeding Schedule for Monkeys 



8 00 A M. 

1 ,00 P M 

6 00 P M 

Monday 

Milk & Eggs 

Boiled rice, Celeiy 

Banana 

Tuesday 

Milk & Eggs 

Boiled potato, Beet 

Banana 

Wednesday 

Milk & Eggs 

Wholewheat bread, Lettuce 

Banana 

Thuisclay 

Milk & Eggs 

Boiled nee, Spinach 

Banana 

Friday 

Milk & Eggs 

Wholewhent bread, Celery 

Banana 

Saturday 

Milk & Eggs 

Boiled sweet potato, Carrot 

Banana 

Sunday 

Milk & Eggs 

Wholewheat bread, Lettuce 

Banana 


Also small amounts of apple, orange, raisin, sunflower seed, and peanut 9 
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Discussion of Results 

In accordance with the general plan utilized in the previous study 
(5), the more outstanding observations of the subject's second year 
of react mnal development arc presented in three sections . ( 1 ) 
Physical Development (2) Sensorimotor and Simple Bclmvioial 
Development, and (3) Complex Bchavioial Development. Again 
may we point out that such a division is quite nrlnuaiy, but serves 
as a convenient schema for classifying the oftentimes sciiltcicd and 
fragmentary observations. As previously suited (of. above), no 
attempt is made to portiay the complete behavior rcpcitouc of the 
subject, but rather to present certain of the more interesting and 
genetically significant data. 

1. Physical Development. The average monthly weight of the 
subject throughout the second year is shown numerically in Table 
1 and graphically in Figure 1. Measurements weic taken weekly 
in all but two cases (periods 23 and 24), fox which tin cc and two 
weights were recorded respectively The figures picscntcd me the 
averages of the readings taken for each successive 28-day peiiod 

Inspection of these data will show that the subject continued 
to increase rapidly in weight during the second postnatal year, 
although the amount or degree of such increase became gradually 
diminished (cf, 5, Tabic 2 and Plate I, pp 55-56), The subject 
weighed 422 grams, or 149 ounces, at biith (Oct. 4, 1932); 
1508 grams, 2 or 53 1 ounces, at 1 year of age (Oct. 4, 1933) ; and 
2013 grams, or approximately 71 ounces, at the age of 2 yeais 


TABLE l 

Average Monthly Weighi During tub Stcond Y far 


Age* 

Average 

weight 

(grams) 

Age* 

A verngL 
weight 
(grams) 

14 

1544 

21 

1S7S 

15 

1606 

22 

1909 

16 

1631 

23 

1937 

17 

1698 

24 

1964 

18 

1953 

25 

1971 

19 

1789 

26 

2003 

20 

1832 



•Successive 

28-day periods 




’Weight at age of 52 weeks (5, p 55, Table 2) misprinted ns 1580 grams; 
tould. read U08 grams, 
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FIGURE 1 

Average Monthly Weight During the Svcond Year 

(Oct. 4, 1934). These figures are slightly lower but in general 
corroborate those given by Schultz (28), who has reported tentative 
aveiage weights of 1646 grams (8 cases) and 2450 grams (6 cases) 
at the end of the first and second yeais, respectively. Thus during 
the first year the present subject showed an increase of 1083 grams 
in body weight, wheieas only 508 grams were gained during the 
second ycai, less than half of the fiist year giowth. Since the data 
are for 28-day penods, all minor fluctuations aie necessarily omitted, 
although inspection of the original weekly (and on a few occasions, 
daily) measuiements yields the fact that with increasing age such 
fluctuations become less apparent, lelative to the weight of the 
animal. 

The dispropoitionately large head and ears and small hind 
quarteis, markedly piesent duiing the earliest postnatal days, grad- 
ually disappeared, so that by the end of the second ycai Kras had 
definitely assumed the bodily proportions of the adult Macaca 
mulatto, (cf Schultz, 28) The hair, straight and medium in 
textuie, has attained the varied length, density, and biownish color 
of the typical macaque, and is characteristically distributed over the 
entue body suiface with the exception of the upper eyelids, nipples, 
ischial callosities, palms, soles, and terminal phalanges (cf. 15). 
The facial wi inkles, gradually decreasing fiom birth in both number 
and degree, have completely disappeared The testicles remain 
undescended, clearly visible in the canal some distance above the 
sciotum 
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2. Sefisojmioior and Simple Behavioral Development . The 
sensorimotor development of the infant Macaca mulatta has been 
described in a preceding connection (5) as being viitunlly com- 
plete by the middle of the second postnatal week, and hence need 
not be discussed here. Subsequent practice, liowevci, especially in 
activities involving motor adjustments, resulted in /liter diffcicnti- 
ation of the specific behavior segments oi inaction components, as 
well as an increasingly wider variety of such intricate responses to 
an increasingly larger number of stimulus objects and events. Not 
only did new objects acquire additional stimulus functions oi mean- 
ings, but many of the responses formerly made to certain stimuli 
were lost, or rather, replaced by other patterns of reaction 

Sleeping , so frequent during the earliest days, was seldom noted 
in the daytime during the second year. The specific overt pattern 
remained largely unchanged from approximately the second month, 
consisting in sleeping with the body bent forward, the Icg^ flexed 
and drawn up under the body, and the arms extended forward and 
outward to form a cushion for the head. 

Yawning, not observed during the first year, was subsequently 
noted on several occasions. The mouth was partially opened and 
the lips drawn back on either side of the mouth, exposing the teeth 
This is a more or less typical reaction pattern of the macaque, and 
differs from yawning in the typical human animal in that in the 
latter subject the mouth is usually opened wide and the lips aic 
drawn taut more in the vertical than in the horizontal plane. 
Coughing and choking were seldom observed, this decicasc in fre- 
quency probably being due to moic efficient use of the masticatory 
and deglutitory mechanisms Sneezing was not observed dining tire 
second year, nor could it be elicited by tickling the innci nostrils 
with a horse-hair point. The nose and entire facial region became 
wrinkled upon such stimulation, but no sneezing lcsultcd. The 
writer would not wish to conclude that the mechanism was absent, 
however, since more adequate stimulation of the internal membranes 
might very likely elicit the reaction At> would be expected, the 
/id reflex or rapid winking response to a non-visual stimulus showed 
no observable change. 

Responses which we have chaiacteiizcd as mouthing , muzzling, 
biting (non-masticatory), and oral exploration, commonly exhibited 
by the infant macaque in the earliest days, had practically disap- 
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pcared by the fifteenth month Only on occasions of extieme 
emotional stimulation and excitement did Kras resort to such 
behavior (cf. below). Thus these biting or mouthing responses were 
originally the precursors of modified sticking reactions (cf 5, pp 
67, 80), winch in turn paitially gave way and were replaced in 
many cases by othei moie adaptive forms of behaviui. As in the 
case of their predecessors, the sucking reactions remained relevant 
only to certain (ie., liquid food) situations, and were no longer 
elicited by a wide vanety of stimulation 

The early fonns of crying oi vociferation persisted with certain 
modifications of patterning, and the stimulus conditions for such 
behavior became widely varied. This behavior, with special refer- 
ence to ceitain acquired vocal and stimulational characteristics, 
will be discussed in the following section on “Complex Behavioral 
Development ” 

The scratch i eflex or set etching leactiou was infiequently noted, 
having disappeared as a common occurrence as early as the fourth 
week (cf, 5, p. 68). The righting reflex continued to be exhibited 
whenever the animal was released ventral side up, and was executed 
with a minimum of useless and uncoordinated movements The 
giaspmg j eflex , clutching or clinging / espouse s involving the more 
complex reactions of contact seeking and the seeking of bodily 
suppoitj the most outstanding and persistent behavioi patterns dur- 
ing the eaily stages of behavioral development, gradually diminished 
both in frequency and in dcgiee of manifestation. By the end of 
the second yeai, such reactions were observed only in cases of 
seveie emotional excitement (cf below). Whereas it was once 
almost impossible to force the infant to relinquish his grasp on a 
suspended horizontal bar (5, pp. 69-72), such reactions were but 
occasionally observed at one yeai of age, and by the end of the 
second year the subject would not cling to the bai under any con- 
ditions whatsoever, but would immediately drop to the floor These 
data aie analogous to those reported by Watson, Gesell, and otbeis 
foi the human infant. As pieviously pointed out (5), this transition 
in giasping or clinging behavior was giadual, and its deci easing 
manifestation was correlated with the acquisition and development 
of locomotion and other complex sensorimotor coordinations. The 
above statements aie made with reference to what may propel ly 
be teimed the giaspmg oi clinging reflex, manifested whenever the 
usual means of support was lernoved (eg, clinging to a suspended 



82 


JOHN P. FOLEY, JR. 


bar in mid-air), and do not refer to eases in which the monkey 
grasped or clung to a desired object, such as a piece of food. The 
grasping response per se undoubtedly remained intact, although it 
was no longer elicited by stimulation involving loss of suppoit, the 
entire picture being further complicated by the animal's wide langc 
of adaptive, substitute, or alternative reactions. 

By the end of the second year, locomotoi abilities, including 
walking, running, jumping, climb tug, and related activities, had 
reached a state of perlected coordination and efficiency equal to 
that of the typical adult macaque This development was at first 
obscrvedly retarded by the artificial isolation and attendant re- 
striction of stimulation and response experimentally imposed upon 
the subject for the first one and one-half years, although the subse- 
quent one-half year period of association with other members of 
the species was sufficient to make up for the minor initial deficiency, 
Theic was, however, a tendency for the subject to rear up, stand, 
and walk for short distances on his hind feet alone more often than 
in the average macaque. This obseivation was made as caily as the 
beginning of the fourth month (5, p. 73), and continued to hold for 
subsequent periods, although tuition in the tinit was ncvei given. 

Likewise, the tendency to climb ot orient upward was not ohsctvcil 
during the second year, As pointed out in the ai tide dealing with 
first year development (5, p. 74), upward climbing reactions to 
the vertical stick and upward orientation on the elevated platform, 
markedly present immediately subsequent to birth, tended to dis- 
appear after the infant had learned to walk and make a wide 
variety of substitute adaptive reactions. This finding, a corrobora- 
tion of the results of Tmklepaugh and Ilaitman (32), is closely 
lelated to tile observed disappearance of the grasping rcflc\ (cf 
above), since the upward climbing reaction is obviously complicated 
by the basic grasping, clutching, and contact-seeking responses, by 
emotional factors, and m fact by the developmental status of the 
entire behavior repertoire of the subject 
Play behavior , consisting of running, jumping, climbing, and 
leaping upon and seizing objects, with attendant vocalization, showed 
a pronounced increase immediately aftei Kras was housed in close 
proximity to other monkeys. When let out into the ccnti.il arena 
ot runway, he would lun from side to side, climbing up the sci ceil- 
ing at the end of the enclosure, only to jump to the flooi again 
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He would often climb up on the heavy diamond mesh forming the 
door of another animal’s cage, and would frequently swing back 
and forth on the door of his own cage, alternately opening and 
closing it The last few weeks of the second year, however, 
seemed to show a slight decrease in general amount of spontaneous 
play activity This may have been a mere artifact, or may possibly 
be a piecursor of a less active existence, Caipenter (4, p. 79 if ) 
has recently obseived that the amount of play activity shown by 
young howling monkeys in their native habitat “increases until the 
juvenile 1 stage, and then there is a rather sharp decline to a 
minimum of play m adult animals.” It is also interesting to note 
that rarely did the present subject, during the course of his climb- 
ing and random play activities, invert his head or body Descents 
from a height weie almost invariably made either in the human 
fashion, hind feet fiist, or by jumping Additional relevant ma- 
terial regarding play activities, especially as influenced by social 
stimulation, will be presented in the following section 

Too much emphasis cannot be placed upon the lemarkable degree 
of sensoumotor coaulination attained by the two-year-old subject. 
Whereas during the early days, “misj’udgcd distances were the rule 
rather than the exception” (5, p 76), later reactions were perfected 
and executed with such precision, speed and timing, that they often 
escaped human obseivation Especially outstanding was behavior 
predominantly characterized by prehension and manipulation of 
stimulus objects. Use of the pedal extremities, however, was 
definitely inferior to that exhibited by the typical macaque. This 
deficiency may with a high degree of piobability be attnbutcd to 
the experimentally imposed isolation, with lack of stimulation and 
piactice conducive toward the development of such behavior 

Use of the cheek pouches, first noticed at 107 days of age (5, 
pp. 76, 81), became a common behavior trait, not unltke that of 
the aveiage rhesus monkey This topic will be discussed in con- 
nection with feeding bchavioi in the following section. 

3 Complex Behav total Development During the second year, 
feeding behavio? , including biting, chewing, and swallowing, was 
obseived only in situations wherein food was available, showing 
that diffeicntiation with respect to such stimuli had been satisfac- 
torily accomplished This behavior was in marked contrast to the 
early tendency to bite immediately at any object held within the 
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infant's visual field (5, pp. 78-79). If food was presented which 
had never before been experienced, Kras would seize and convey it 
to the nose foi olfactory inspection, befoie putting iL m his mouth. 
When satiated, the subject no longer made the once characteristic 
thrusting and slapping movements of the aims and hands, hut left 
the food at once and reacted to other stimuli. If the food weic 
removed before satiation had occurred, however, the same type of 
violent emotional i espouse was made as founcily, involving pucker- 
ing of the mouth, vociferation, frequent thumbsucking, plus a new 
addition, jumping up and down* 

Liquid food was taken from the pail by the combined process 
of suction and lapping movements of the tongue The icpcated 
giasptng reaction with the hands and fingeis while feeding, involv- 
ing alternate opening and closing of the hands and digits, which 
at first was made with such fiequency but which disappeaicd by the 
tenth postnatal week (5, pp. 80-81), was never again obscived in 
a food-taking situation, although such behavior did icappcai during 
violent emotional stress. In the natural, mull stui bed molhci -infant 
situation, these caily clutching icactions, in so fai as they aic elicited 
by and directed toward the ventral furry surface of the supporting 
mother (16, 31, 32), undoubtedly have some adaptive v.iluc, and 
such behavior was “carried over” and exhibited by the infant Kras 
in response to feeding situations after cxpeiimcnt.il isolation fiom 
the mother, the diminuation and subsequent disappcniance of such 
reactions taking place in conformity with a piinciplc not unlike 
that of experimental extinction, 

The cheek pouches were frequently used foi storage of food, es- 
pecially if the subject was fed in the immediate presence of otlici 
monkeys Food could thus be hurriedly taken, retained, and subse- 
quently eaten over a period of time, being pushed out into the mouth 
cavity with the hands or shoulder blades. Food pi ef dentes were 
also exhibited, milk, orange juice, and mush oi gruel being most 
readily taken throughout the second year. It is of importance to 
note that these liquid or semi-liquid foods constituted the exclusive 
diet up to the age of 5 months (cf. 5, p. 53), and maintained then 
preferential value from the beginning. Apple, raisin, peanuts, and 
sun Howe i seed, having the highest motivating value foi most of 
the monkeys in the Columbia colony, elicited sccondmy preferential 
reactions in the present subject In fact it might be said that m 
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general the preference was inversely proportional to the dryness 
and solidity of the food. Banana was relatively well liked. Kras 
did not actually peel it, however, as does the typical monkey, even 
when the peeling is latei to be eaten. This lack of specific differ- 
ential lesponse to peeling and internal fruit characterized the sub- 
ject’s behavior from the fiist, as was pointed out in the previous 
report (5, p 82), and certainly cannot be attributed to lack of 
requisite sensorimotor mechanisms. Only occasionally, when the 
relatively harder peeling offered more resistance to the teeth, did 
Kras push back the peeling a few millimeters with his thumb. The 
succeeding bite, however, consumed both peeling and enclosed fruit. 

No coprophagons behavioi was observed at any time. Whereas 
on a few occasions during the first year the infant manually and 
olfactorily examined the feces, although never tasting or eating 
them, he seemingly learned to avoid them entirely, for even such 
cursory interest and examination was never noted during the second 
year period. 

Vocalization continued to be less frequent than in the average 
macaque of the same age The repertoiie remained practically the 
same as that previously repoited for the thirteenth and succeeding 
weeks (5, p 84), with the single addition of what may be teimed 
a “hunger-anticipation cry,” which appeared during the latter part 
of the nineteenth month, after the subject had been housed for 
2-3 weeks in close pioximity to the othei monkeys In general, 
the following four types of ciies could be distinguished by the 
end of the second yeai 

1 "Play ay," consisting of a clem, shrill, nnd high-pitched 
cry made with the lips pursed and lounded A given cry 
somewhat lesembled the sound of the double vowel in the word 
"food,” although slightly sluired, and increased and then 
decreased in pitch 

2 "Feat -Pam ay," consisting of a scream of rapidly vary- 
ing pitches, made with the mouth open and the entiic face 
wrinkled and distorted 

3 "Food-Contentment cryV consisting of a soft, short, 
guttural, and slightly hoarse noise, often accompanying eating, 
gentle stioking or handling, or attainment of contact or support 
after cmotionnl stimulation, and often associated with rapid 
opening and closing of the lips ("mouthing response”) 

4 "Huvgct -Anticipation ay," consisting of a eleni, falsetto 
cry of descending pitch, made with the lips in then normal 
position and the mouth partially open 
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The difficulty and necessary artificiality of i educing the complex 
vocal behavioi of the Macaca mulatto to n simple classification can- 
not be overemphasized. If the rcstiictions anil limitations of the 
classification ate kept in mind, however, it docs seem both empiri- 
cally justifiable and profitable to isolate these major types of vocal 
behavior, and to consider other cries as modifications of the above 
four. The repertoire of the present subject at two yp.us of age 
seems to have been fully as complete as that of the otliei, older 
monkeys in the Columbia colony. The “food-contentment cry” was 
more fully developed and frequently elicited than m the other 
macaques. With respect to the fouitli oi “hunger-anticipation cry,’’ 
it is interesting to note that it was acquiicd in the most exact detail 
from the other monkeys At no time was it heard during the period 
of isolation, prioi to the nineteenth month. Latei, however, when 
the experimenter would enter the laboratory in the morning just 
before feeding time, the sound of his footsteps and the opening door 
would immediately elicit the cry fiom Kras and the entire colony 
Similarly, the closing of the ice-box door caused the same vocal 
icaction, which did not occur at the closing of cabinet and other 
doors not associated with or conditioned to food-taking situations, 
Pre/imton. inamjnilati<m, and eye-hand com rfiiiri/iou have been 
discussed in the preceding section Handedness continued to be 
non-preferential, the subject being completely nmbidcxtious with 
respect to frequency and efficiency of manual prehension ami 
manipulation, Play behavioi has also been discussed at length above, 
It might here be added that, at approximately the nineteenth month, 
Kras developed a moic or less indnect, circuitous, or “stalking" 
type of play activity which was not exhibited pnoi to his cntiy 
into close association with the othci monkeys at 18 months of age 
(cf 5, p 75) Although the account of the development of their 
non-isolated rhesus monkey does not go beyond the fifteenth week, 
Lashley and Watson (22, pp. 137-138) descnbc the play of their 
subject as "beginning as simple thrusting out of Ins hands against 
his mother,” and state that “it developed rapidly into the more 
complex stalking of various objects in the cage.” They also ob- 
served that the stalking play was at first directed town t cl all 
conspicuous objects in the cage, but as the baby learned to eat 
solid food lus attention became more and moic diicctcd towaid tins, 
and his play activities to center around it." Thus the piesenL finding 



SECOND YEAR OF AN ISOLATED MONKEY 


87 


would be expected in the light of Lashley and Watson’s data, i.e , 
the absence of such activities during an extended period of complete 
isolation, and the rapid acquisition of such behavior when the animal 
was placed in a more competitive situation wherein such icactions 
weie frequently practiced by all concerned 

This noticeable increase in play behavior has been described in the 
previous section dealing with “Sensonmotor and Simple Behavioral 
Development ” Such an increase may be characterized as a gradual 
change from the original self-composed or more nearly “introverted” 
type of play behavior toward a moie objective or “exti over ted” mode 
of response In this connection, Lashley and Watson (22, p. 138) 
make the following statement in legard to their infant macaque 

"Self imitation," so marked during certain stages of the 
human infant, was almost entirely lacking, The few actions 
which might be so interpreted wcie those of climbing and 
leaping, with evident enjoyment of the activity itself , In 
most of his piny, however, his interest seemed to be centered 
in external objects rather than in the movements themselves 

It seems clear, however, that in the present case at least, this 
external reference was slowly acquired dunng the development pio- 
cess, and that the acquisition of such bchavtoi, undoubtedly retaided 
by the expenmentally imposed isolation, was lapidly enhanced by 
placing the monkey with other animals in a moie extensive milieu 
of stimulating conditions 

Little vanation in the patterned emotional behavior of the subject 
took place dunng the second year, although the nature and range of 
stimuli eliciting a given emotional response were considerably alteied 
The greatest change occuned in connection with the rr fea> reaction” 
whose pattern has been previously described (5, p. 86). This 
lesponse pattern, violently elicited (postnatal) by icmoval of con- 
tact oi suppoit but not originally elicited by loud sounds, came, 
by the end of the second year, to be evoked by certain loud and 
novel sounds, such as the bark of a dog oi the sound of breaking 
glass, and at the same time disappeared in response to stimulation by 
removal of suppoit. The lattei disappearance may be easily under- 
stood in teirns of the acquisition of other modes of adaptation to the 
once “feai -evoking” icmoval of suppoit, and might have been pie- 
dicted on the grounds of behavioial development Similarly, the 
latei potency of certain loud and novel sounds as instigators of 
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"fear” behavior may quite likely have been the result of condition- 
ing received subsequent to the eighteenth month The “tage” oi 
"anger reaction ’ (cf. 5, p 88) continued to be evoked by hampering 
or restraining the animal’s movements, being accompanied by thumb- 
sucking and, on very rare occasions, by what we have teiined the 
“fear-pain cry.” The "love icaciioi" also showed but little change 
(5, p 88), and was made on occasions immediately following ex- 
treme fright or in response to ccitain othci monkeys oi to the 
experimenter (never to strangeis). At such tunes the “food-content- 
ment cry” was commonly made In general, it may he stated that 
during the first two postnatal ycais emotional behavior became 
gradually less intense with increasing morphological and behavioral 
development. 

Clinging behavior, originally elicited in response to the experi- 
menter’s hand, so that the latter literally became a fetish for the 
animal, although at first without sexual significance (5, p. 91), 
took on the function of a sexual stimulus toward the beginning 
of the second year, although the exact date cannot be accurately 
given. The original traces of this behavior were greatly icinforccd 
subsequent to the eighteenth month, at which tunc the infant’s 
curve of sexual behavior lose with a rapidity great enough to he 
characterized as “insight” by the typical Gestaltist. A more detailed 
account of sexual behavior will be presented below. 

Emotional fits or lantiums continued to result fiom forcibly 
depriving the monkey of a play oi food object (ef. 5, p 91). 
Similar emotional responses ensued if such a desned object was 
given to anothei monkey, and will be discussed below in connection 
with the more complex trait of “jealousy.” If at any time a small 
leather belt, similar to that worn by the other members of the 
colony, was placed around his waist (5, p 92), Ktas immediately 
showed the charactenstic emotional grasping hchavioi, pulling at 
the belt, clutching himself, swaying or oscillating back and forth, 
sucking his thumb, and crying, until the belt was i amoved At 
such times Kras w T ould also utter the “feat -pain ciy,” rcai up on lus 
bind legs and go around in circles, often striking lus head and body 
against objects in the room in his frenzy to remove the obstacle. 

It is of interest to note that at no time did Kras, icgaidlcss of 
his emotional state, make the slightest attempt to bite the wntei, 
although on rare occasions he would playfully bite a stranger at 
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the slightest provocation Nor would he utter a cry if hurt or 
painfully stimulated by the experimenter. The prick of a needle 
would elicit only contoition of the face and sporadic escape move- 
ments similai to those made if he were foicibly restiaincd. The 
“feai-pain cry” thus rarely denoted pain per se , but moie often anger 
or othei antagonism resulting from such stimulation 

It will be recalled fiom the onginal article on first yeai develop- 
ment (5, p. 92) that oscillating oi swaying movements were piesent 
from the third postnatal day, being ’'usually made in an emergency 
and highly emotional situation ” The exact pattern of response 
involved eithei placement of the hands and foreaims on the floor 
directly in fiont of the body or grasping the thighs or hind legs, 
the total body maintaining the sitting posture, and the making of 
rapid and lhythmic movements, the body being alternately raised and 
lowered, i.e , swayed back and foith. In the original leport, the 
writer mentioned unpublished observations by Nisscn on the oc- 
currence of such behavioi in the chimpanzee, as well as the pre- 
viously unreported occuricnce of similar leactions in the isolated 
infant macaque of Engle Although such activity is supeificially 
similai to that often occuriing in sexually stimulating situations, it 
should not be confused with attempted copulatory behavior, since 
its ontogenetic ongin, paiticular stimulational antecedents, and 
component details are entuely different in character, 

The " mouthing and tongue response ” piesent from the seventy- 
first day, and involving rapid opening and closing of the mouth or 
lips and corresponding thiusting and withdrawing movements of 
the tongue, and often occumng in conjunction with the “food- 
contentment ciy,’* was also frequently obseived dining the second 
yeai As foimeily, the response was often made bcfoie or after 
feeding oi when the monkey was stioked or petted following extieme 
flight (cf 5, p. 92) Subsequent to the twentieth month, however, 
the response was additionally obseived in sexually stimulating situa- 
tions in which the subject was attempting to copulate with some 
other monkey or with the experimenters aim. The sexual signifi- 
cance of such a “mouthing i espouse” pnoi to copulation has been 
lecently lepoited by Caipenter (4, p 82 ft.) in Ins field study of the 
howl ci monkey In dcscnbmg this “provocative” behavior of the 
howler in its native habitat, Carpenter concludes “The behavioral 
aspects pielimmary to copulation aie the rhythmic tongue move- 
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ments, provocative posturing, and exploratory behavior. Such 
reactions were not observed in other) non-se\ual situation^ as in 
the ease of the present subject, although such a deficiency might he 
due to inadequate opportunities for observation or to the lack of 
adequate stimulation such as that received by the picscnt subject 
Thumbsncktng , another emotional accompaniment, also persisted 
throughout the second year, although the total amount of time spent 
in such activity decreased, owing to the laigcr and more varied 
repertoire of substitute beliavioi The gieat toe of the left hind 
foot continued to be favoied (cf 5, pp 92-93), and as a result be- 
came greatly enlarged, the discrepancy in size between the great 
toes of the two feet being of the ratio of 2 to 3 The act was so 
firmly fixed that at times Kras would travel se the length of his 
cage on three legs, the great toe of the fourth remaining "con- 
tentedly” in his mouth 

Several cases of interesting mmiieiisms and "hnbil jesuluaU" may 
be parenthetically noted The upward motion of the hind foot as 
if to place the great toe in the mouth was cited m the previous rc- 
poit (5, p 93). In the light of the recent work of Hull, it would 
be highly informative to know if such a i espouse wcic "anticipatory” 
and hence connected with any sahvaiy disturbance. The disap- 
pearance of the repented grasping movements formctly made while 
drinking (cf above) lllustiatcs the abandonment of another such 
residual. A further example of habit residual js illustrated by fre- 
quent clutching of the right cycbiow with the concspondtng hand. 
No foreign particle was detected in the eye itself, and the manneiism 
was probably due to the extremely long and projecting evchiows 
which once undoubtedly paitially obstructed the infant’s visual field. 
The reaching response pcisistcd, however, although the longci eye- 
brows were carefully cut. 

The sexual behaviot of the present subject was paiticulaily in- 
formative, and deserves separate consideration quite apart from its 
emotional aspect. The experimentally imposed conditions urnlci 
which the animal lived and developed showed a rcmaiknbly high 
correlation with the sexual bchavioi patterns exhibited from time 
to time in the course of reactional development. The following 
statement was made in the lepoit coveting the fust yoai development; 

As would be expected from other studies on minted animals, 
the sexual behavior of the present subject was practically ml. 

The swaying movements and mouthing lcactions, although 
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superficially resembling modifications of sexual behavior, had 
no such actual significance, The testes did not descend during 
the first year. , nor was erection observed during this period, 
although it has been subsequently noted In striking contrast, 
Lashley and Watson . observed such a reaction on the 
sixty-first day (S, p, 93) 

As pointed out above, the testicles remained undcscended duung 
the second year. Erection was first noted during the fifty-ninth 
week, and continued infiequently to appear, although pnor to the 
eighteenth month it was raiely accompanied by other overt behavior. 
Occasionally ICias would touch the erected organ, but such manual 
manipulation was by no means moie frequent than similar behavior 
in response to other relatively eiogenous areas of the face and ex- 
tremities Thus there was a minimum of explicit sexual behavior 
during the penod of isolation, and the relatively late incidence of 
the then unconditioned and more oi less strictly biological act of 
election, m contrast to the data of Lashley and Watson, further 
substantiates this fact The beJiavioi of the subject, both when 
alone and when placed with othei monkeys for a short obseivational 
penod, was consistently non-sexual 

Aftei having been permitted closer association with othei monkeys 
fiom the age of 18 months, however, Kras began to exhibit such 
sexual behavior The eailiest reactions consisted of olfactonly ex- 
ploring the body of the other monkey, clutching some part of the 
animal’s body, usually the leg oi back, and making a few spoiadic 
thrusting movements of the pelvis Erection was not always present 
on such occasions, and no preference was evidenced for female over 
male animals nor for the rhesus ovei the cebus or capuchin types. 
In tact such icactions weie on a few occasions observed in response 
to a lag or othei soft object By the end of the second year, the 
sexual behavior had become more or less localized with respect to 
the genital regions, and there was a general although by no means 
exclusive piefeience for female animals. The arm and hand of the 
experimenter continued to function as a sexual stimulus, as has been 
descnbed above in connection with the “mouthing and tongue le- 
sponse ” The following quotation from the laboratory notes for 
October 5, 1934 is a typical illustration of sexual behavior at the 
end of the second year in response to a very tame and good-natuied 
female macaque, approximately 7^4 years of age' 
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When turned out with Bright Girl today, Krnt [liny cd 
around in the arena for 4-5 minutes without apparently notic- 
ing her He finally approached and grasped her around the 
waist from the rear, after smelling the vaginal and anal 
regions several times. Erection appenred and, ns she remained 
crouching on the floorj he strengthened his hold around her 
waist with both arms, and made the characteristic rhythmic 
thrusting movements of the pelvis, the tail curling up under 
the legs. Bright Girl remained passive, and the movements 
ceased within 10 seconds. 

These data are in full accord with the findings of Hamilton (13, 
14), Tinklepaugh (29), and Zuckcrinan (43) on monkeys, and 
other investigators on infraprimate mammals in rcgaid to experi- 
mentally produced homosexuality and other sexual alienations and 
the consequent general importance of stimulating circumstances in 
conditioning fundamental drives and action-tendencies. 'I' he im- 
portant thing, so far as the description of behavior is concerned, is 
not the constitution and relative stiength of the so-called basic drives 
of the organism, but lather how such "drives" are conditioned, foi 
it is only this historical or biogi aphical facto which can adequately 
account for the specific strength and patterning of behavtoi . 

The reactions of the subject to othei animals continued to be posi- 
tive in all cases with the exception of certain monkeys who slapped 
and bit at Kras whenever he approached, and even in such cases 
definitely aggressive behavior was usually exhibited. The original 
clutching reaction (5, pp. 94-96) of course disappeared, just as it 
had in response to inanimate stimuli, Kias developed ccitain pie- 
fetences and aveisions for particular monkeys, however, and these 
led to the formation of social gioupmgs, incipient stages of phenomena 
which have been described by Bingham (2), Carpenter (4), Nisscn 
(24), Zuckerman (43), and others foi infrahuman pnmates, and by 
Biihlcr, Gesell, Jones, and others too numerous to mention for the 
human child Thus, for example, Kras and Bright Giil constituted 
one such early social grouping, quite independent of sexual behavior 
They would climb around the cage and play together, even getting 
in and out of each other’s cages If another caged monkey would 
exhibit anger and menacingly jump forward to the door of its cage, 
both Kras and Bright Girl would approach and try to seize oi bite 
the monkeys hands through the cage dooi. This paiticulai gioup- 
mg was weakened, however, as a result of frequent attempted 
copulation on the part of Kras 
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Aggressiveness characterized the behavior of the subject through- 
out the second year. Behavior not dissimilar to that termed jealousy 
was also fiequently exhibited. If food weie given to another mon- 
key, even to one for whom Kias had formed a positive attachment, he 
would often display a series of violent reactions, jump up and down, 
put his ears back against his head, and utter the ‘'hunger-anticipa- 
tion cry 1 ' followed immediately by the “fear-pain cry,” and if these 
were to no avail, he would finally resort to thumbsucking On rare 
occasions he would become bold enough to dash up and try to 
snatch the food fiom the other monkey’s hand, although he was 
usually briskly cuffed away, after which he would not daie to 
repeat the attempt foi some time He would become quiet im- 
mediately if given food, making the “mouthing and tongue response” 
and uttering the “food-contentment cry ” 

Certain early peiceptual reactions of the subject, occurring prior to 
experience with a particular object 01 class of objects, are not without 
interest. The evolution of the subject’s reaction to his mirio? image 
was described in the previous report (5, p 98) and showed little 
further change In fact it became increasingly difficult to get the 
animal to attend to a given stimulus object, since such a wide variety 
of stimuli and reaction-systems was continually competing foi his 
attention On one occasion during the fifty-fourth week, however, 
Kras was seen suddenly to place Ins ears back and jump forcefully 
against a large pane of glass, in which he no doubt saw his reflected 
image The lack of diffei ential response to the peeling and fruit of 
a banana has been discussed above in connection with feeding be- 
havior At 16 month of age, the response to ice was first tested 
When a piece of ice was placed on the floor of his cage, he looked 
curiously at it, slapped at it, and then explored and finally seized 
it in both hands and jumped up onto the shelf of the cage He held 
the ice for appioximately three minutes, licking it periodically and oc- 
casionally trying to bite it. Finally it was abandoned on the floor, 
although he returned and continued to play with it fiom time to 
time. Two further mtciesting observations on perceptual behavior 
during the fiist year were unfoi tunately omitted from the previous 
report. During the forty-fifth week, ICias was seen to i each out and 
attempt to gtab oi manually manipulate smoke wigs accidentally 
blown by an observer Similarly, at approximately one year of age, 
he was obseived to jump up into the laboratory sink and endeavor 
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to climb up a smoothly flowing stteam of watei The above ex- 
amples of objectively inappropiiatc reactions, although sketchily 
drawn, illustrate certain stages in the development of perceptual 
adaptations, and are not without value for an empirical or behavioral 
theory of space and object perception. Such subtle conditionings 
which inevitably occur during the icactional biography of any 
organism can be profitably investigated only by means of a genetic 
approach. The work of Piaget and othcis on the acquisition of 
perceptual and conceptual reactions in the human child finds many 
counterparts in the field of animal behavior, and such a field offers 
unlimited opportunities foi further rcscnich 

Lastly, it may be stated that neither an to-ff rooming 1101 f 'social" 
or inter-individual grooming (cf. 5, pp 98-101) was exhibited by the 
present subject during the first two years of life. Whether such a 
behavioral deficiency was due to the absence of dii t .ind body para- 
sites or whether it may be attributed to the lack of opportunity for 
the early acquisition of such a reaction pattern cannot be stated. 
The data nevertheless cast considerable doubt upon the hypothesis 
that grooming is an instinctive primate function or that it is de- 
pendent upon ncuial or neuro-muscular maturation 
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LE DfeVELOPPEMENT PENDANT LA DEUXIEME ANN EE D'UN 

SINGE RHLSUS ( Macaca mulatto) fiLEVE DANS L’ISOLA HON 
PENDANT LES PREMIERS DIX-IIUIT MOIS 
(Rdsumd) 

Cette etude est une continuation d'unc etude ddji rapportde, ct ddcrit 1c 
ddveloppement pendant la deuxiferoe anndc d'un singe tlidsus {Macaca 
mulatto) dlevd dans I’isolation complete de la mdre et dcs autres mcnibres 
de I'espdce pendant les premiers dix-huit mens, et aiibsdquemnicnt loge avec 
d’autres singes dans les quarters gdndraux des primates du lahoiatoirc 
L’auteur appuie sur le besom dkinc connai99tincc ddtaillde de 1'histoire 
psychogdnetique spdclale ou biographic reactionnelle d’un nmmal experi- 
mental quelconque employ d dans la rccherchc du compoitcment, L’ autre 
partie de I’article discute l’expdricncc cllc-mdinc, y compris la dcsciiplion 
du prablhne, ('habitat , le tigtine, et la discussion dcs risullats Quand 
possible, on rapporte les donndes pertinentes d’autres investigations On 
discute les idsultats sous trois titres principaux. nppuynnt aurtout anr le 
troisidme 

(1) le dlveloppemenl physique 

(2) Je ddvrfoppemenl seiisonmoleur ct le dlvcloppcmc.nl simple du 
comporlement 
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(3) le devcloppcment complexe du comportcment 
La dermire categoric comprend la discussion du comportement de manger, 
la vocalisation, la prehension et la manipulation coordonnfies, les activity 
du jeu, le comportement 6motif, le sucement du pouce, les manierismes, lea 
reactions anormales et les restes des habitudes, le comportement sexuel, les 
rdactions aux autres nnimaux, leg groupementa sociaux, lea prmcipaux traits 
de personnalit^, le comportement perceptif et conceptif, et les soms de 
propret6 

Non seulement on decrit Ie d6veloppement graduel de ce comportement, 
mais on cssaie de cornier 1’acquisition des divera syst£mes de reaction avec 
lea circonatances atimulantes sp£cialea qui les a produita Le changement 
soudain du sujct d’une situation d'isolation complete impos6e experimentale- 
ment A celui dissociation mtime avec lea autres singea rend plus claire la 
nature dea mtaanismea de comportement & la base 

Foley 


DAS ZWEITE JAHR DER ENTWICKLUNG EINES RHESUSAFFEN 
(. MACACA MU L ATT A), DER WAHREND DER ERSTEN 
ACUTZEHN MONATE IN ISOLIERUNG AUFWUCIIS 
(Refcrat) 

Diese Abhandlung ist erne Forsetzung einei fruher berichteten Unter- 
suchung und beschreibt das zweitc Jahr der Entwicklung einea Rheausaflen 
( Macaco, mulatto), der in vollkommener Trennung von der Mutter und 
anderen Mitgliedcrn der Gattung wahrend dei ersten 18 Monate auf- 
wuchs, und der mit anderen Affen im Laboratonum untergebracbt wurde, 

Der Autor bctont die Notwendigkeit emer ausfuhilichen Kenntnls der 
besonderen psychogcnctischen Geschichte oder Reaktionabiogi aphie lrgend 
einea Tieres, das zu expernnentellen Zwecken gebraucht wird Der Rest 
der Abhandlung b eschaftigt sicb mit dem eigen tlirben Experiment, das 
eine Beschreibung des Problems, Fundortes, Die tat, und eine Eroiterung 
der Ergebnisse enhalt Diesbezugliche Ergebniase von andeien Expcri- 
menten werden womoglich angegeben Die Eigebnisse werden untei drei 
Hauptuberschiften besprochen. nnt beaonderer Berucksichtigung der 
dritten 

1 Physische Entwicklung 

2 Smnesmotor- und cinfache Verhaltungsentwicklung 

3 Komplizierte Verhaltungsentwicklung 

Die letzte Kategorie schheast eine Besprechung des Fressverlmltens, det 
Vokalisation, koordiniei ten Ergreifens und dei Handhabung, Spieltatik- 
keiten, affektiven Verhaltena, Damensaugens, Manieriertheiten, anormalen 
Reaktioncn, und GewohnheitsrucksUnde, Geschlechtsverhaltungsweisen, 
Rcaktionen aqf andere Tiere, sozialen Giuppierungen, hervorragenden 
Personhchkeitszuge, Wahrnehmungs- und Vorstellungsverhaltcns, und 
Pflegens ein 

Nicht nur wild die allmahhche Entwicklung von solchem Verhalten 
beschrieben, son der n auch wird der Verauch gemachf, die Erwcrbung der 
verschiedenen Reaktionssysteme nut den besonderen Reizungsurnstanden zu 
korrelieren, die sie erzeugt haben Die plotzliche Anderung des Versuch- 
tieres von eitier auferlegten Situation der vollkommenen Trennung zu 
emer der intirnen Assoziation mit anderen Affen erleuchtct die Natur des 
unterliegenden Verhaltungsmechamsmus. 


Foley 



THE AGE FACTOR IN REMINISCENCE* A COMPARA- 
TIVE STUDY OF PRESCHOOL CHILDREN 
AND COLLEGE STUDENTS* 

From the Department of Psychology of the University of Missouri 


Grace O. McGfoch 


Problem 

In a recent critical review (4) of the experimental htciatuic on 
reminiscence, a phenomenon there defined as "the improvement in 
the recall of incompletely learned material after an interval of time 
without intervenient formal relearning 01 review,” it was concluded 
that the relationship between age and lcminiscencc had not yet been 
established Attention was called to the fact that the Jesuits of 
those experiments in which appaicnt age differences wcie obtained 
(1, 2) did not justify the conclusion that age is a factoi in icmin- 
lscence since there was a lack of unifoiinity in expci i mental con- 
ditions with the different age levels, particularly m the materials 
learned. Moreover, Williams’ experiment (6), in which the learn' 
ing material was constant, did not throw light upon the relation- 
ship between age and reminiscence because his published results are 
in terms of the percentage of retention of the group, a entenoa of 
reminiscence demonstrated to be inadequate, 

More recently Liang 1 found no significant age differences in 
reminiscence in teims of the same criterion, and concluded that "the 
factor of age differences so much emphasized in B.illaid’s and Wil- 
liams’ findings could not be reproduced under moic caicfully con- 
trolled conditions so far as the aggregate peicentage of retention was 
concerned,” Liang used two age gioups, 648 children whose aver- 
age age was 11 2 years, and 353 college freshmen whose average age 
was 19.5 years, equated degrees of learning of Chinese ballad poetry, 
and five intervals, one, two, three, four and five days, For the oiic- 
and two-day intervals, however, the percentages of children showing 

•Accepted for publication by Cat I Murchison of the Editorial Hoard and 
received in the Editorial Office, February' H, (93 5, 

Th ll udy by Luh Liang (3) was brought to the wi iter's nttention 
through the courtesy of the senior author aftei the completion of the present 

ptnprimprt 1 
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the young animals were, in effect, blind The older rats used in 
this experiment could obviously see the door at greater distances, and 
so could oiient to it B 

So far the discussion has not considered the factor of practice. 
When Phi values (averages for fom animals and successive groups 
of 10 trials) at each age level are plotted as a function of practice 
the curves shown in Figure 6 result, 0 Neglecting again the 14-day 
group, one discovers that in the case of the younger animals Phi is 
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Learning Curves Showing Average Phi Values or Successive Groups 
of 10 Trials Each, for Each Age Level 

(These curves arc based only upon orientations made within four inches 
of the exit door ) 

B Crozier and Pincus rcpoited "seeking of the dark” even in hooded rats 
under 1+ days of age (after the eyes had been artificially opened) The 
expei imentcr has enucleated both eyes of a 14-day-old hooded rat, and 
found no discernible cloudiness of the media Such eyes formed clearly 
recognizable images of a lighted windovy at a distance of 10 feet This 
marked difference between the eyes of the young albino rat and those of 
the young hooded rat, if typical, quite readily account for the differences 
between the behavior of Crozier and Pmcus's animals and that of the 
animals used in the piesent study 

°The curves shown in Figure 6 are based only on behavior occurring 
within four inches of the door, since m this region one can be certain that 
most of the animals were not "blind 31 The rises in the curves follow the 
rest pei fads 
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originally quite high, falls sharply, but docs not reach the low level 
attained by the older animals. The older animals, moreover, start 
with Phi values far lower than those which chance orientations 
would yield, and reach in the case of the 19-day-old animals a level 
of 5*. This last value is well within the mngc of tolciancc provided 
by the angular magnitude of the door at the distances under con- 
sideration In general, these curves imply that the older animals 
needed little practice for superior orientations, that whatcvci they 
needed to learn was learned during the first few trials. 

Just what the animals had to learn is a. most important problem, 
If only the behavior of the 19-day-old animals is considered, one can 
be fairly certain that failures to orient do not result from cloudy 
ocular media; rather can such failures be ascubed to one or both of 
Iwo factors: (1) lack of training regarding the exit-significance of 
the visual cue afforded by the exit door and half-cylinder , and (2) an 
inability to orient to the door, once its exit significance had been 
learned. In making a test of any theory which asserts the necessity 
of specific and lengthy practice for accurate orientation, one must 
decide upon the relative importance of the first factor during the 
behavioral changes observed. Consideration of certain details of the 
behavior of the 19-day-old animals during the first few trials permits 
one to draw rather definite conclusions regaiding this point. 

In Tables 1 to 4 arc included data taken from the iccord sheets 
described above, data which show the sequences of paths founed by 
the oldest animals in their first attempts to escape from the oiicnta- 
tion box. In each first column the number of the trial is given The 
second column contains the distances (in inches — and sixteenths of 
an inch) from the center of the exit door, at which a given path 
began (Cf, the abscissae of Figure 5) The third column gives the 
Phi value for each path (Cf. the ordinates of Figure 5). And 
finally, the fourth column shows the distances in inches of the points 
of first contact with the wall of the orientation box from the center 
of the exit door (Cf, the abscissae of Figure 2) Thus, in Table 1 
one may observe that during the first trial Rat £3-19 departed from 
the starting-box alley along a path which began at a distance of 12-0 
inches from the center of the exit door, this path having a Pin value 
of 13 ; the first contact with the wall of the orientation box occurred 
at a (circumferential) distance of two inches from the center of the 
exit door In the second trull the same animal fiist assumed (at a 
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TABLE 1 


Behavior 

Sequences or Rat 

£3-19 During the First 

13 Trials 


Distance of 


Distance 


origin of 


(around the 


mitral (or 


circumfei ence) 


coi reeled) 

Phi value 

of (list contact 


path 

of initial 

with wall 

Trial 

from centei of 

(or corrected) 

from center of 

No 

exit door 

path 

exit door 

1 

12-0 

13 

2 

2 

12-0 

105 



12-0 

2 

0 

3 

12-0 

45 

14 

4 

9-12 

8 



5-14 

12 

0 

5 

12-0 

30 

30 


9-0 

46 



6-8 

0 

0 

6 

12-0 

23 



5-8 

1 

0 

7 

12-0 

3 

0 

8 

12-0 

101 

26 

9 

12-0 

90 



12-0 

3 

0 

10 

12-0 

20 

6 

n 

12-0 

4 



6-0 

2 

0 

12 

12-0 

2 



8-14 

3 

0 

13 

12-0 

1 



6-12 

5 

0 


distance of 12 inches from the dooi) a. path having a Phi value of 
105 01 , but at the same distance formed a new path (Phi=2°) such 
that Its first contact was at the exit door. In Tnal 4 the same 
animal assumed (at a distance of 9^4 inches from the door) a path 
having a Phi value of 8°, and moved along this path to a point 5 
and 14/16 inches from the door, wheie it foimed a new path having 
a Phi value of 12° which in turn permitted it to make the first con- 
tact with the exit door 10 


10 A simple geometrical diagram will demonstrate to the rcaclei that 
unless the animal originally pursued a path whose Phi value equalled 
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Behavior. 

TABLE 

Sequences or Rat /’6-19 

2 

Durinc, i hp First 

12 I’ltlAI 8 

Trial 

No 

Distance of 
ought of 
initial (or 
corrected) 
path 

from center of 
exit door 

Plu value 
of initial 
(or torrefied) 
path 

Distance 
(around the 
circumference) 
of first contact 
with xvall 
from center of 
exit door 

1 

12 0 

160 

34 

2 

15-0 

100 

24 

3 

12-0 

9 

0 

4 

9-12 

3 

0 

5 

8-4 

22 

1 

6 

12-0 

40 



9-0 

3 

0 

7 

11-4 

109 

24 

i 

12-0 

30 



8-4 

2 

0 

9 

13-0 

67 



9-2 

4 

0 

10 

12-0 

5 



6-14 

3 

0 

11 

9-14 

2 

0 

12 

12-0 

103 

18 


Consideration of the other trials shown in Table 1 indicates that, 
in nine out of the first 13 trials, Rat £3-19 touched the exit door 
before it made contact with any other part of the wall of the orien- 
tation box (Cf the zeros in the fouith column). Recalling the 
controls present in the experimental proccduie, one can only conclude 
that these early responses represent orientations mediated by eiclo- 
scopic vision. The moderately successful orientation appearing in 

zero (that is, unless the animal started out directly for the center of the 
exit door), and if it adhered to a given path, the long axis of Us body 
would have formed progressively larger angles with the shortest route to 
the door from any given point on the path. Ilencc, in order to reach the 
exit door any animal generally had to reorient ns it enme closer to the 
wall It will be noted in Tables 1-4 (lint within certain given trinls Pin’s 
do not necessarily decrease WLtli reorientation at shorter distances from 
the door, that state of affairs is made possible by the fact implied by 
Footnote 6 (the present study), namely, dint at shorter distances the 
animals could deviate more from the center of the door and yet make the 
first contact with some part of the door, 
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TABLE 3 


Behavior 

Sequences of Rat E2-19 

During the First 

12 Trials 

Trial 

No 

Distance of 
origin of 
initial (or 
corrected) 
path 

from center of 
exit door 

Phi value 
of initial 
(or corrected) 
path 

Distance 
(around the 
circumference) 
of first contact 
with wall 
fi om centei of 
exit door 

1 

12-0 

100 

36 

2 

12-0 

22 



10-8 

141 

28 

3 

12-0 

29 



8-14 

23 

4 

4 

11-2 

22 



9-2 

25 

2 

5 

12-0 

64 

14 

6 

12-0 

100 

32 

7 

10-6 

21 

4 

8 

12-0 

60 

16 

9 

12-0 

62 



1 0-14 

36 



6-12 

98 

8 

10 

12-0 

135 

32 

11 

12-0 

60 

16 

12 

12-0 

19 



5-2 

3 

0 


the fiist trial may have been accidental, but one can hardly regard 
the othei perfect ones as being due to a chance combination of fac- 
tois Glancing rapidly down the third column of Table 1, one may 
detect what appears to be a progressive reduction of Phi with 
piactice However, considering the distances (m the second column) 
one notes that, even in the first trials, paths assumed at short dis- 
tances resulted consistently in successful orientations The most 
marked reduction in Phi occurred at the greater distances. Consid- 
eration of this last fact, and of the additional one that at distances 
of 12-0 inches the animal was almost always in contact with the 
starting box, leads to the conclusion that during piactice the effective- 
ness of the starting box as a thigmotactic stimulus progressively de- 
creased But even in the earliest trials, once contact with the 
starting box was broken, visual orientations of a high degree of 
accuracy were possible. 
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Behavior. 

TABLE 4 

Sequences oi Rat Jil-19 Duiuni. the Firsi 1 10 Trials 

Trial 

No, 

Distance of 
origin of 
initial (or 

corrected) 

path 

from center of 
exit door 

Phi value 
of initial 
(or co i reeled) 
path 

Distance 
(around the 
circumference) 
of first contact 
with wall 
fi inn center of 
exit door 

1 

9-8 




9-8 

33 



9-8 

36 

6 

2 

12-0 

54 



8-8 

17 

2 

3 

13-0 

135 

42 

4 

12-0 

71 



11-0 

90 



12-0 

180 

40 

5 

12-0 

63 

12 

6 

12-0 

30 



7-10 

32 

2 

6a 

12-0 

6 



8-4 

18 



4-12 

7 

0 

7 

12-0 

170 



16-0 

8 



6-6 

2 

0 

8 

12-0 

72 

18 

9 

12-0 

13 



6-6 

0 

0 

10 

12-0 

•ifl 

10 


The contents of Table 2 (Rat F6-19) lead to similar conclusions 
In addition it is interesting to note that the animal either contacted 
the wall at the door, 01 at a distance of a’t least 18 inches from the 
door; the sole exception to this rule appears in Trial 5. The 
behavior of several of the younger animals had this same “all-or- 
none” character, such animals cithei approached the doo\ oi — to all 
appearances — reacted on the basis of some othci cues Trials 1 and 
2 m Table 2 indicate the type of bchavioi manifested by an animal 
untrained in regard to tile exit-significance of the dooi 
If the contents of Tables 1 and 2 can be taken as indications that 
eidoscopic orientation as defined by Phi does not have to he learned, 
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those of Table 3 (Rat £2-19) indicate that some animals must 
learn to reorient after running some distance along an assumed path. 
This animal began to show perfect orientations by the end of the 
seventeenth trial, so that 50% of the trials that followed yielded 
first contacts at the exit door. 

Table 4 (Rat £1-19) shows again the decrease in Phi at distances 
at which the animal is in contact with the starting box Low Phi’s 
at short distances are piesent in the first five trials, and appear more 
often in the later trials as the decreasing effectiveness of the thigmo- 
tactic stimulation from the starting box enabled the animal to 
reorient during more accurate initial orientations 

To summarize Successful and fairly accurate orientations at short 
distances appear during the first five trials of three of the animals 
at a frequency for which one could not account by assuming a for- 
tunate combination of chance factors The prevalence of such 
behavior constitutes evidence that the animals began their attempts 
to reach the door with a highly developed behavioral mechanism 
for running towards the door, and that they did not have to pass 
through an extended period of trial-and-error behavior in order to 
reduce Phi by any appreciable amount Practice probably did reduce 
the effectiveness of the thigmotactic stimulation which generally 
occuned during the assumption of the initial path The behavior of 
one of the animals suggests also the possibility that practice led to 
more timely conections of an error created by continued locomotion 
along a given path. Two of the animals learned quite rapidly the 
exit-significance of the visual cue 

If in some way eidoscopic orientation as measured by Phi did have 
to be learned, that learning process was either too rapid or implicit 
to be detected by the method of analysis described in the present 
article Plow ever, the analysis of the behavior of the 19-day-old 
animals during their first 10 to 13 trials in the orientation box 
indicates clearly that these animals were capable of quite accurate 
eidoscopic orientations, without having had beforehand practice speci- 
fic to the total behavior in question. 

One age difference disclosed by the present study lies in the more 
rapid locomotion manifested by the older animals used Average 
maximum velocities attained during successful trials were 8 9, 10 2, 
9 8, 11 3, 13 2, and 13 0 inches per second at ages 14, 15, 16, 17, 18, 
and 19 days respectively, Thus, at 19 days velocities were attained 
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which were almost one-half again as latge as those attained at 14 
days 

It was thought in addition that older animals would be able to 
maintain higher running speeds while changing the ditcction of their 
locomotion on the basis of the localized visual cue. The minimum 
velocities (average) appealing in successful trials at regions in 
which new paths were assumed wcie 4.0, 4.7, 5 0, 8.0, 9 2, and 8 3 
inches per second for the respective ages from 14 to 19 days. 11 

Subtracting the minimum velocities from the maximum velocities 
given above yields the following decelerations for reorientation at 
the age levels from 14 to 19 days : 4.9, 5.5, 4 8, 5 3, 4.0, and 4.7 
inches per second Thus there tends to be it anything only a slight 
drop with increasing age. When these decelerations arc expressed 
a 9 percentages of the corresponding maximum velocities attained 
there is, as one would expect, a decrease with increase in age. For 
ages 14 to 19 days respectively the percentages are : 55.0, 53 9, 49.0, 
46,9, 30.3, and 36 2. 

One may conclude that older animals attain greater maximum 
velocities while running; and that they maintain greater velocities 
and need to decelerate less in proportion to maximum velocities at- 
tained, while reorienting to a localized visual stimulus. 

Summary 

1 Apparatus for the investigation of non- tr op is- tie visual orienta- 
tion (“eidoscopic orientation”) in the young albino rat is described. 
Illumination is used simultaneously for vision, photographic record- 
ing, and. motivation. 

2. A measure (Phi) of the eidoscopic orientation of the total 
organism is defined and applied to the orientations of 22 albino rats 
between the ages of 14 and 19 days 

3. Without previous practice in such behavior 19-day old albino 
rats orient within an average error of 20° , after a few trials the 
average performance drops to 5°. Detailed consideration of the 

It ia interesting [hat the most marked rise in minimum velocity occurs 
between 16 and 17 days (5 0 to 80 inches per second), or during the 
interval in which the last cloudiness of the lens disappears, One might 
conclude that clear vision outside the region of fixation is related in some 
way to the speed of responae during eidoscopic reorientation, however, a 
marked increase in locomotor ability might also contribute to such a change 
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initial trials of these animals leads to the conclusion that the learn- 
ing concerns primarily the acquisition of exit-significance by the 
critical stimulus, and not the giadual reduction of the error of 
orientation by a laborious trial-and-error process. 

4 Youngei animals aie capable of visual orientations the accuracy 
of which is greatly reduced by remarkable infeiior distance vision, 
and by the consequent difficulty with which the exit-significance of 
the critical cue is learned 

5 The inferior distance vision of the younger animals is most 
probably related to a cloudiness of the optic media, which tends to 
disappear completely by the time the albino rat is 16 or 17 days old. 

6. Older animals can attain greater maximum velocities than can 
the younger ones, and can maintain greater velocities while leori- 
entmg with respect to a localized visual stimulus, 
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LE DEVELOPPEMENT DE LA PERCEPTION. I LA DIRECTION 
VISUELLE; LES PREMIERES ORIENTATIONS EIDOSCOPIQUES 
DES RATS BLANCS 
(Resume) 

Lea orientations dans l’espace de jeuncs rats blancs ayant les yeux ca- 
pables de former les images (yeux eidoscopiques) different dcs orientations 
tropiques des rats ayant les yeux non encore ouverts (yeux euthoscopiques) 
Des images cm£mntographiques du comportement de 22 rats blanc9 ayant de 
14 ^ 19 jours demontrent que de tel s nmmaux sans experience pr6c6dentc 
peuvent faire usage de la vision eidoscopique pour s’orienter en rapport 
avec un stimulus circonscrit Une measure (Phi) de la precision de ces 
rapprochements montre, pendant les premiers 10 essais d’animnux ayant 
19 jours, une erieur moyenne de 20° Apres 10 autres essais cette erreur 
cat rcduite h 5° Cependant, une inspection des rGsultats individuels montre 
que par la pratique les nmmaux apprenent nctuellement la signification du 
stimulus crucial, et de plus que la pratique specifique n’est pas necessnire 



140 


WILLIAM DONALD TURNER 


pour ['orientation precise Leg milieux dioptnquea deg rats blancs qui on t 
meins de 17 jours sont nebuleux, de sorte que leur vision et leur orientation 
eidoscopique sont tr$s affectees par U distance Lcs rnts plug vieux non 
seulement peuYcnt s'onenter A une distance plus grande, mats nussi peuvent 
arriver k une locomotion plus rapide, et peuvent innintcmr line vitessc plug 
grande pendant les reorientations eidoscopiquca 

Turner 


DIE ENTWICKLUNG DES AUFFA&SENS’ L DIE SEIIRICIITUNG; 
DIE FRttHESTEN EIDOSKOPISCHEN ORlENTlERffNGEN 
BEI DER YVEISS-EN RATTE 

(Referat) 

Die raumlichen Orientierungen bei den Jungen weisscn Ratten, die die 
bildformenden (d h., eidoskopischen) Augcn hahen, weichen von den PhoLo- 
tropismen der Ratten ab, die noch gcichlossene (d.h,, euthoskopische) Augen 
habeii, Ergebnisse, die aus der kinematogrflphjschen Dcobachtung \on 
zweltindzwanzig 15 bis 19 Tage alten weinen Ratten gewonnen wurden, 
zeigen, dass solche Tierc chPe vorhergehende Drcasur fdhlg aind, das 
eidoakopische Sehen fur die Lokalisierung und Annaherung cinca ein* 
geschrankten Reizes zu verwenden. Elnc Messung (Phi), die die Gcnauig- 
keit soldier Annaherungen darsteilen soli, weisat wahrend tier ersten 10 
Versuchic einen mittleren Fehler von 20° auf Nncb 20 Vcrsuchen vrird 
dieaer Fehler gleich 5* Indeaaetl zeigt erne Untcrsuchung der einzclnen 
Verguchsergebnisse, dags cine Erfahrung der Bcdcutung des Ilauptreizes der 
haupUichliche Inhalt der Dream tot, und ferner, dass die sperifigche 
Dressur fur die genaue Orient] erung mcht notig ist Die Augcnmcdicp der 
weissen Ratten, die wemger als 17 Tage alt sind, sind wolkig, so dass dns 
Fernsehcn und die eidoakopische Orientierung untcr tlieser Beschrankung 
leiden Die altercn Ratten sind mcht nur in der Lage, sich in grosseren 
Entfernungen besser zu orientieren, aondern auch grosscre Geschwindig- 
keiten wahrend der Ortsvemnderungen zu erreicben, aowie auch wnhmid 
der eidoskopischen Wiederorientierungen grosacre Geschwindigkcitcn zu 
erhnlten, 


Turner 



POSSIBLE GENETIC RELATIONSHIPS AMONG 
QUINTUPLETS* 


Norma V Scheidcmann 


The recent amval in Canada of five infants at a single bntli is 
atti acting a populai, world-wide interest, for it is estimated that 
quintuplets are bom only once in 57,000,000 deliveries This mul- 
tiple birth is phenomenal — accotdmg to medical lccords it has not 
occuired anywheie in the civilized woild during the last foity-five 
yeais and only tliuty-tliice times since 1 694 — but even moic le- 



FIGURE 1 

The Dionni Quintupicts at Eight Months of Agf 
(Comtesv ot NEA Setvice, Inc ) 


^Accepted foi publication bv Cail Murchison of die Editoual Donid, and 
leceived in the Editou.il Olhce, Dtcembei 27, 1934 
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mai table is the fact that all the infants have survived an .ippicciahlc 
period of time. No previous set has survived nunc tlun fifty mm- 
utes. 

Should these children continue to live It will lie but a matter of 
time before many speculations will be advanced in repaid to their 
possible genetic relationships Similan’tics and dissimilarities, both 
normal and pathological, will be investigated .is bases for assump- 
tions, Many conclusions will be presented that will be of question- 
able value since even our best methods of gathering pcitment data 
are crude In general, the simplicity of the conclusions will be in 
inverse proportion to the fineness of the units of mcasuics utilized 
Moreover, many investigators will lose sight of the fact that our 
present knowledge of the genesis and lelationship of multiple off- 
spring is primarily theoretical, is vciy limited, and is chaiactciizcd 
by convenient simplicity 

The literature on the subject of multiple births is devoted largely 
to the process of twinning, since in other fonns the twinning piocess 
is repeated either simultaneously or in rapid succession It is recog- 
nized that the findings in the case of twins arc applicable to other 
forms of multiple births, but there is a tendency to interpret all 
forms m terms of the simple twin theories. How complicated the 
genetic relationship of quintuplets may be, may not be realized until 
we are confronted with a grajduc piescntation of the vniious modes 
of genesis and of lertilization resulting in quintuple offspnng, and 
then deducting the various types of relationship from the giaphs. 

In the case of twins, two general types commonly me recognized, 
single ovum (monozygotic) and biova (dizygotic). Monozygotic 
twins often are ref ei red to as duplicate or identical, since they are 
found to be very much alike; their genesis is thought to be a single 
ovum fertilized by a single spermatozoon Dizygotic twins, called 
sibling or fraternal, are not found to bear as close resemblance as 
the monozygotic The resemblance usually is closer than that of 
siblings of different ages since contemporaneous spcimatozoa and 
ova perhaps are more alike than those developed at different times 
Dizygotic twins are thought to originate from two ova fertilized 
by two spermatozoa 

Koch (11, 12) made a study of a pair of Siamese twins who, 
because of the nature of their conjunction, evidently icpiescntcd 
an incomplete organic separation rather than a fusion of dispaiate 
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individuals Such twins commonly are considered identical and 
doubtless they are of umovulai origin However , in the par- 
ticular pair studied it was disclosed that, despite many marked sim- 
ilarities, differences in physical and mental traits were quite apparent. 
These findings suggest that uniovular twins aie not always wholly 
identical. 

In measuring fifty pairs of unseLected public school twins, Thorn- 
dike (22, p 44) found their resemblance to be approximately .80 
in amount Ranking all these twin pairs according to their degree 
of resemblance resulted in a cuive (Figure 2) that led the in- 



FIGURE 2 

Distribution or Resemblance Curve of 50 Pairs oi Twins 
{From Thornkike, 22) 

vestigator to question whether twins represented two distinct modes 
of fertilization and genesis. Instead of a bimodal curve, the emve 
showed a gradual grading from the closest likenesses to notable dif- 
ferences Moreover, the twins most identical in some respect were 
found to be less like each other than ordinary siblings 

In regard to the extent of similarity in biovular twins Danforth 
says* 

It may be assumed that biovular twins will on the whole 
resemble each other to a degree about equal to the average for 
all children of the same family In individual sets the degree 
of resemblance will vary widely, since the possible combina- 
tions of traits from the maternal and paternal germ plasms 
are very many. 1 It is conceivable that occasionally (with our 
population and birth rate, perhaps once in eight or ten years) 
a pair of biovular twins would be born with identical germ 
plasma More frequent should be biovular twins differing in 
only one chromosome, and progressively more frequent the pairs 
differing by larger and larger degrees until the average of 
fraternal resemblance is reached Then progressively leas fre- 
quent should be pairs differing to increasing degree below the 
fraternal average (6) 

*On the assumption that chromosomes maintain their individuality and 
that "crossing over" does not occur, there would still be no less than 4,096 
possible kinds of germ cells to be produced by a given individual of either 
sex [Danfortb’s footnote ] 
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Biologists have presented various modes of monozygotic twinmngs. 
Thus Newman (15, P 131) says that there arc three, namely*. 

1, Fission of the blastoderm, 

2. Double gastTiilatian, and possibly 

3 Complete fission of the bilateral halves of a single embryonic 
axis, 

Williams (8, p. 425) recognizes four possible ways in which 
single-ovum twins may be produced : 

1. Fertilization of two polar bodies, 

2. Premature separation of one or more blastomeres from a 
segmenting ovum, 

3. Cleavage of the embryonic area, and 

4. Double gastrulation of the blastodermic vesicle. 

A retarding agency in the development of the fertilized egg com- 
monly is considered conducive to the twinning phenomenon. Three 
possible retarding agents are cited by Newman (15, pp. 133-134) 
as follows: 

1 l/wdersiiMiiifation of the egg due to some defect m the devel- 
opment-initiating mechanism of the sperm, Davcnpoi t’s findings in- 
dicated that twinning is inherited rather strongly in the male line. 
Newman indicated that only one-egg twinning could be inherited 
through the male line, for twinning as a result of this factor could 
be possible only in the case of monozygotic twins, since dizygotic 
twinning is a phenomenon of ovulation and does not involve the 
male. An understimulated ovum would he retarded and conse- 
quently would undergo belated fission; the degree of retardation 
would determine significant consequences. 

2 Belated placeiitaiion due to failure of the corpus lute inn to 
stimulate the uterine mucosa, According to Newman some “physi- 
ological discodrdination between the various intricately interdepend- 
ent factors responsible for implantation of the ovum” are involved in 
this situation. The objection that a given mothei always would 
produce twins, since presumably the same mechanism would persist 
throughout reproductive life, is met by the suggestion that perhaps 
single offspring from parents exhibiting one-egg twinning are not 
true single offspring, but represent survivors of pairs of twins, others 
of which succumbed to hazards peitinent to one-egg twinning. 
Newman considers this the least objectionable theory of twinning 
in man. 
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3, An hereditary character dependent upon a recessive gene, A 
temporary “period of quiescence,” caused by a gene acting as a 
growth-retarding factor, may result in a belated placenta tion and 
in turn in twinning. Twinning, according to this theory, could be 
transmitted as readily through the female line as through the male 
Some of the zygotes, in the case of parents heterozygous for the 
twinning gene, would be monozygous for the character and twin- 
ning would result. Single offspring could occur also in such matings. 
This gentic theory of twinning is regarded as being rather fantastic 
by Newman, but in view of Davenport’s findings Newman does 
not wish to exclude it as one of the possibilities. 

In general, all theories of twin genesis may be grouped into four 
categories, namely, those pertaining to 

1. Ovulation and sperm maturation, 

2. Fertilization, 

3 Ovum fission, and 

4. Chromosomal characters. 

The causes and modes of ovum fission aie covered by Newman’s 
and Williams’ theones presented above Davenport’s findings have 
been cited to suppoit ovum segmentation as a result of chromosomal 
characteiistics In these theories fertilization is taken to be the 
result of a single spermatozoon uniting with a single ovum (except 
Williams’ theory of fertilization of two polar bodies which neces- 
sarily would require two spermatozoa). 

A chromosomal theory, othei than a growth-retarding gene, may 
account for additional modes of multiple genesis, During the series 
of cell divisions, the chromosomes of sex cells divide longitudinally 
by the typical process of mitosis and letam their number through- 
out In the case of quintuplets possibly this mitotic division is a 
quintuple division (due to a recessive gene, stimulating mitotic 
division), not in one of 57,000,000 fertilizations (incidence of quin- 
tuplets), but m one of 17,442,000,000 cases (if all types of quintuple 
genesis cited below occur about equally) Quintuple longitudinal 
division would result m five sets of chiomosomes so that a five- 
nuclear formation would be possible in both the male and in the 
female cells Gcsell indicates this possibility of multiple mitotic 
division. 

We mu9t recognize the indisputable occurrence occasionally 
of an ovum with double germinal visicle (two nuclei) Boveri 
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has suggested the additional possibility— actually demonstrated 
on eggs of sea-urchins and bees— that n sperm may occasion- 
ally unite with only one half of a precociously divided ovum, 
leading the other half to develop pnrtheiiogcnctically (Dan- 
forth). (8, p 425) 

It ts possible for an ovum to be penetrated by two spermatozoa 
This does not happen customarily. That it docs happen infre- 
quently, however, is indicated by Holmes. 

Eggs frequently exhibit n curious reaction which prevents 
them from being entered by more than one sperm The first 
sperm cell that succeeds in penetrating into the egg cytoplasm 
stimulates it to undergo a change at the surface, wlucli prevents 
other sperms from gaining entrance. Were it not for this deli- 
cate and rapid reaction, egg9 might be fertilized by several 
sperm cells When this occurs, as Jt does under exceptional 
circumstances, it frequently leads to abnormalities of develop- 
ment (9, pp 156-157) 

When the “exceptional circumstances” include a fivc-nuclcar ovum, 
the simultaneous penetration of five speimatozoa may cause no 
abnormality of development other than five well-formed offspring — 
uniovum-quintuplc-spermatozoa quintuplets. Should but one spcim- 
atozoon penetrate a multiple-nuclear ovum, only one nucleus could 
be developed. 

Furthermore, it must be recognized that possible quintuplet rela- 
tionships may be multiplied according to the relationship of the 
fertilizing male cells In the female sex-ccll, cell division is very 
unequal so that only one large cell matures and three small polar 
bodies, formed by reduction division, soon disintegrate without tak- 
ing part in development The cell division in the case of the male 
cell is equal and takes place twice so that four spermatozoa result 
from the maturation of a single male germ-cell (Figure 3). Since 
these four germ-cells are derived from the same single cell, they 
may be considered “identical.” According to current views the 
four germ-cells axe comprised of two sets of two identical cells, 
that is, only cells and their polar bodies are considered identical. 
However, the four mature cells that are derived from a single cell 
are of identical structure and may well be considcicd identical 
These four cells, moreover, may be in closer juxtaposition and may 
have equal characteristics of virility and attractabihty to the same 
or to several germ-cells of the opposite sex Thus, multiple off- 
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—germ cell (female) 

first polar body 

division of first polar body 

\ ^ — second polar body 

mature ovum 

FIGURE 3 

Diagram Showing the Genesis of the Ovum 
(After T VoveTi) 

A similar diagram in which all the daughter cells are of equal size would 
Illustrate the genesis of four spermatozoa 

spring may be paternally identical or paternally sibling according 
to whether they are fertilized by identical or by sibling spermatozoa 
respectively, Likewise, offspring may be maternally identical or 
maternally sibling according to whether they are developed from 
identical or from sibling ova respectively 

In order to analyze all possible relationships among quintuplets 
it may be expedient to list all possible types of spermatozoa and 
ova that may be the genesis of quintuple offspring. Table 1 pre- 
sents these respective types 

The various possible modes of fertilization of each of these germ- 
cells are graphed in FSgure 4. The particular occurrences of 
mitosis are not designated in this schema; they are so obvious that 
the reader will readily understand where they take place. This 
figure indicates that there aic 206 possible modes of fertilization 
of germ-cells giving rise to quintuplets These modes do not dis- 
criminate between types of monozygotic twinning enumerated above, 
nor do they include the theory of polar-body fertilization presented 
by Williams, nor do they include possible alternate successive divi- 
sions in seveial cases 

It may seem reasonable to infer that a later fission of the fertil- 
ized ovum may lesult in a greater similarity among multiple off- 
spring than an earlier fission, Since this can not be presented 
expediently in schema only pre- and post-fertilization divisions are 
consideted The fertilization of a polar body is not considered since 
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TABLE 1 

Types of Germ-Cells That May Be Possible Genesis or Quintuplet 

Offspring 


Male 

Female 

1 sperm 

1 ovum 

2 sib. sperms 

2 sib ova 

2 Men sperm9 

2 iden ova 

3 sib, sperms 

3 sib ova 

3 Men sperms 

3 iden ova 

4 sib, sperms 

4 sib. ova 

+ Men sperms 

4 iden ova 

5 sib, sperms 

S sib, ova 

5 Men Bperms 

S iden ova 

1 sib, 2 iden. sperms 

1 sib , 2 idea ova 

1 sib, 3 iden. sperms 

1 sib , 3 iden ova 

1 sib, 4 iden sperms 

1 sib , 4 iden. ova 

2 sib., 2 iden sperms 

2 sib , 2 iden ova 

2 sib, 3 idea sperms 

2 sib., 3 iden. ova 

3 sib, 2 iden. sperms 

3 sib,, 2 iden, ovn 

L J-nuc sperm 

1 5-nuc. ovum 

I 4-nuc, sperm 

1 4-nuc ovum 

1 3-nuc, sperm 

1 3-nuc. ovum 

1 2-nuc, sperm 

1 2-nuc ovum 

1 4-nuc, 1 sib. sperm9 

1 4-nuc , t sib, ova 

1 4-nuc, 1 iden sperms 

1 4-nuc., 1 iden ova 

1 3-nuc,, 1 sib sperms 

1 3-nuc, 1 sib ova 

1 1-nuc,, 1 Iden sperms 

1 3-nuc., 1 iden, ova 

1 3-nuc,, 2 sib. sperms 

I 3-nuc, 2 sib ova 

1 3-nuc., 2 iden. sperms 

l 3-nuc , 2 iden, ova 

1 3-nuc, , 1 2-nuc sperms 

1 3-nuc., 1 2-nuc ova 

1 3-nuc,, 1 iden, 1 sib, sperms 

1 3-nuc, 1 iden., 1 sib. ova 

2 2-nuc 9perms 

2 2-nuc, ova 

2 2-nuc., 1 sib. sperms 

2 2-nuc, 1 sib ovn 

2 2-nuc , 1 iden sperms 

2 2-nuc, 1 iden, ora 

1 2-nuc., 1 sib sperms 

1 2-nuc , 1 sib ova 

1 2-nuc , 1 iden. sperms 

1 2-nuc, 1 iden. ova 

1 2-nuc., 1 iden,, 1 sib, sperms 

1 2-nuc., 1 iden , 1 sib ova 


a pre-fertilization division of ovum offers all the possibilities of a 
mother cell and a polar tody. Moreover, a divided unfertilized 
ovum might be more susceptible to fertilization and development 
than a polar body, since sufficient cytoplasm may be provided for 
each division in contrast to the limited amount of cytoplasm sup- 
plied a polar body. However, if the reader wishes to include the 
possibilities of fertilized polar bodies he may hear in mind that the 
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TABLE 2 

possible Quintuplet Relationships According to Gh*m-Ceu 
r Fertilization 


Genesis and 


Genesis 


Relationship 


1. 1 ovum « , 

IS then 5 5 ltlcn. 

(Divisions may be either simultaneous or successive) 
II 2 sib ova 


x 2 ub S, 1 t 
x 2 sib, S, 1 3, 1 ‘2 
x 2 iden S, 1 4 
x 2 iden S, 1 3, 1 2 


4 iden. ; 1 sib. 

1 set 3 iden , 1 set 2 iden. 

+ iden , 1 pat. iden , mat sib 
1 set 3 iden , 1 act 2 iden Each act 
pat. iden, mat sib. to other set 


JII, 2 iden. ova 
x 2 iden S, 1 :4 
x 2 iden, S, 1:3, 1:2 
x 2 sib. S, 1 4 
x 2 sib S, 1 ‘3, 12 


5 iden 
5 iden 

4 iden., 1 pat. sib, mat iden, 

1 set 3 iden , 1 set 2 iden Each set pat 
sib mat iden to other set 


Yf. 1 sib ova 
x 3 sib. S, 1 3 
x 3 sib S, 2 2 
x 3 iden S, 1 3 
x 3 iden S, 2:2 


x l sib. and 2 iden, S, 1.3 

x 1 sib. and 2 iden S, lt3 

x 1 sib and 2 iden S, 2’2 


x 1 sib. and 2 iden S, 2 2 


3 iden, , 2 sib 

2 sets of 2 iden , 1 sib 

3 iden ; 2 pat iden, mat sib 

2 sets of 2 ulcn.; l pat iden., mat sib, 
Each set pat iden,, mat sib. to re- 
maining 3 

3 iden ; 2 pat iden, mot. sib 

3 iden , 1 sib , 1 mat sib, pat iden 
to the iden , put sib to the sib 

2 sets of 2 iden , 1 mat sib, pat iden 
to one set of iden, and pat, sib, to 
other set 


V. 2 iden, ova 
x 3 sib S, 1.3 
x 3 sib. S, 2 2 


X 3 iden S, 1 3 
x 3 iden S, 2 2 
V\ 4 sib ova 
x 4 sib. S, 1,2 
x 4 iden S, 1 2 
x 1 sib and 3 iden 5, 1 2 

x 1 sib nnd 3 iden S, 1 2 

x 2 sib and 2 iden S, 1 2 

x 2 sib and 2 iden. S, 1 :2 


3 iden,, 2 pat alb,, mat iden 

1 pat. sib, mat, iden,; 2 set of 2 iden, 
each set pat sib, mat iden to re- 
maining 3, 

S iden. 

5 iden 

2 iden , 3 sib 

2 iden,; 3 pat iden, mnt sib, 

2 iden ; 3 pat, iden, to each other and 
pat, sib to (lie iden, mnt sib 

2 iden , 1 sib , 2 mat sib,, pat iden to 
iden and pnt sib to sib 

1 sib , 2 iden., 2 pnt ulen to each 
other, mat sib to all others 

2 sib , 2 iden,; 1 mnt sib., pat iden to 
one set of ulen , pat sib to other set 
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TABLE 2 [Continued) 

Genesis Relationship 


VII 4 iden ova 
x 4 sib S, 1 2 
x 4 iden S, I '2 

x 1 sib and 3 iden S, I 2 

x 1 sib and 3 iden S, 1 2 

x 2 sib and 2 iden S, ] 2 


x 2 sib and 2 idem S, 1 2 

VIII 5 sib, ova 
x 5 sib S 

x 5 iden S 

x 1 sib and 4 iden S 

x 2 sib and 3 iden S 

x 3 sib and 2 iden S 

IX 5 iden ova 
x S sib S 

x S iden S 

x I sib and 4 iden S 

x 2 sib and 3 iden S 

x 3 sib and 2 iden, S 

X, 1 sib and 2 iden ova 

x 3 sib, S, 2 2 


x 3 sib S, 2 Z 
x 3 iden S, 2 2 

x 3 iden S, 2 2 

XI 1 sib and 3 iden ova 
x 4 sib S, 1 2 

x 4 sib S, 1 2 

x 4 iden, S, 1 2 

x 4 iden S, 1 2 

XII 1 sib and 4 iden. ova 
x 5 sib S 

x 5 iden S 

x 1 sib and 4 iden S 
x 2 sib and 3 iden S 


2 iden,, 3 pat sib, mat iden 
5 iden 

1 set of 2 iden , 1 set of 3 iden Each 
set pat sib and mat iden to other set 

4 iden ; 1 pat sib , mat iden 

2 seta of 2 iden Each set pat sib and 
mat iden to remaining 3 I pat sib, 
mat iden to all others 

3 iden , 2 pat sib, mat. iden to all 
others, 

5 sib 

5 pat iden,, mat sib, 

1 sib , 4 pat iden to each other, mat 
sib 

2 sib , 3 mat sib,, pat iden to each 
other, but pat sib, to the sib 

3 sib , 2 mat sib, pat iden to each 
other, but pat sib, to the sib 

5 pat «ib, mat iden 
S iden 

4 iden , 1 pat sib , mat iden 

3 iden , 2 pat sib , mat iden 

2 iden , 2 pat sib , mat [den 

2 sets of 2 iden , 1 pat sib , mat iden 

to one set of iden , and mat sib to 
other 

1 sib , 2 sets of 2 idens , mat iden to 
each other 

1 set of 3 iden , 1 set of 2 iden Each 
set pat iden , mat sib to other set 

4 iden , 1 pat iden, mat sib 

2 tden , 3 pat sib , mat iden to each 

other, mat sib, to the iden 

1 sib , 2 iden , 2 pat sib , mat iden to 
each other and pat sib to other 3 
1 set 3 iden , I set 2 tden Each set 
pat iden, mat sib to other set 
4 iden ; I sib 

l sib ; 4 pat sib, mat iden 
4 iden ; 1 pat iden , mat, sib 
4 iden 1 sib 

3 iden * 1 sib , 1 pat sib , mat iden 

to the iden , mat sib to the sib 
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x 3 Bib 


Genesis 


TABLE 2 { Continued) 

Relationship 


and 2 iden S 


2 iden ; 1 9il> , 2 pat. sub , mat iden 
to the iden , mat. sib. to the sib. 


XILX 2 sib and 2 iden ova 
x 4 sib, S, 1 2 

x 4 sib. S, 1*2 

x 4 iden. S, 1.2 

x 4 iden, S, 1 2 
x 1 sib and 3 iden S, 1,2 

x 1 sib and 3 iden S, 1*2 

x 1 sib and 3 iden S, 1:2 

x 1 sib and 3 iden. S, 1 2 

x 2 sib, and 2 iden, S, 1:2 

x 2 sib, and 2 iden S, 1 ,2 

x 2 sib and 2 iden, S, 1 2 

x 2 sib and 2 iden S, 1,2 

x 2 sib and 2 iden, S, 1 2 

x 2 sib and 2 iden. S, 1 2 

XIV 2 sib and 3 iden ova 
x 5 sib. S 

x S iden S 

x 1 sib. and 4 iden. S 

x 1 sib and 4 iden S 

x 2 sib. and 3 iden. $ 

X 2 sib and 3 iden S 


1 sib,; 2 iden ; 2 mat iden to each 
othei, mat, sib to others, pnt sib to 
all 

% sib , 2 iden ; l pat sib, to nil, mat 
iden to the iden , mat. sib to re- 
maining 2 

2 sets of 2 iden., each set pat iden, 
mot sib to other set 1 pat iden,, 
mat sib 

3 iden , 2 pat iden., mat sib, 

2 seta of 2 Ulcn , 1 mat sib, pat iden 
to one set, pat, sib to other set, 

2 sets of 2 iden, each set pat iden to 
other, 1 sib 

2 iden , 2 pat iden., mat sib, pat iden, 
to fifth; 1 mat iden to iden, pat 
iden to remaining 2. 

3 iden , 1 sib , I pat iden to iden,, 

mat, sib to nil 

3 iden ; 2 sib 

1 sib , 2 seta of 2 iden, both sets pat 
iden 

2 iden , 1 sib., 1 pat sib, mat iden 

to fifth, 1 mat iden to iden, pat 

iden to fifth 

2 iden ; 1 sib , 1 pat iden to iden, 

mat sib ; 1 mat, iden to Ulen , pat 
sib 

2 iden , 2 mat sib, pat iden ; 1 pnt 
iden to iden , mat sib 
2 iden ; 2 mat iden, pat sib , 1 mat, 
sib,, pat iden to iden 

2 sib , 3 pat sib, mat iden to each 
other, mat sib to remaining 2 

3 iden ; 2 pat iden , mat sib 

1 sib ; 3 iden \ 1 mat sib , pat iden to 
the iden , pat sib to sib 

2 iden,, 2 mat sib, pat iden to the 
iden , pat sib to remaining 1 , 1 pnt 
sib, mat iden, to the iden, mat sib 
to remaining 2 

3 iden, , 2 sib 

2 pnt sib , mat iden, 2 pat. ulen, 
mat sib ; 1 pat iden, mat sib to one 
group and pat. stb,, mat ulen to 
other, 
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TABLE 2 ( Continued ) 





Genesis 


Relationship 


X 

3 

sib 

and 

2 

iden 

S 

2 iden , 2 sib ; 1 pat sib, mat 

iden 








to one set and mat sib to other set 

X 

3 

sib 

and 

2 

iden 

s 

3 pat sib, mat iden to each other 







and mat sib to other two, 2 

pat 








iden , mat sib 


X 

3 

sib 

and 

2 

ulen 

s 

I sib , 2 pat sib., mat iden , 1 

mat, 








iden to set of 2. pat iden to remain- 








ing I, 1 mat sib, pat sib to 

sib., 








pat iden to remaining 1. 


XV 

3 gib 

and 

. 2 

iden 

ova 



X 

5 

sib. 

S 




3 sib , 2 pat sib, mat iden to 

each 








other, mat sib to remaining 3 


X 

5 

iden 

. s 




2 iden ; 3 pat iden , mat sib 


X 

1 

sib 

and 

4 

iden 

S 

1 sib , 2 iden , 2 pnt idea, mat 

sib. 

X 

1 

sib 

and 

4 

iden, 

S 

3 pat iden,, mat sib , 1 pat iden to 








set of 3, mat iden to remaining 

i; i 








pat sib , mat sib to set of 3, 

mat 








iden to remaining 1 


X 

2 

sib 

and 

3 

iden. 

s 

2 iden , 2 sib , 1 pat iden , mat 

sib 








to the iden 


X 

2 

sib 

and 

3 

iden, 

s 

3 mat sib, pat iden to each other, 2 








mat iden to each other, pat sib 

X 

2 

sib 

and 

3 

iden, 

s 

1 sib , 2 mat sib, pat iden. to 

ench 








other, 1 pat iden to set of 2, 

mat 








iden to remaining 1, 1 pat sib, 

mat, 








sib to sib and set of two, mat 

iden 




and 


iden 


to remaining 1 


X 

3 

sib 

2 

s 

3 sib , 2 iden 


X 

3 

sib 

and 

2 

iden 

s 

l sib , 2 pat sib., mat iden , 2 

pat. 






iden. 


iden , mat sib 

X 

3 

91 b 

and 

2 

s 

2 sib ; 2 mat iden , pat sib , with 

I pat 








iden to fifth; 1 mat sib, pat iden to 








non-aib 


XVI 

1 s 

i-nuc 

ovum 




X 

5 

sib 

S 




5 pnt si b , mat iden 


X 

5 

iden S 




5 iden 


X 

1 

sib 

and 

4 

iden. 

s 

4 iden , 1 pat sib , mat iden 


X 

2 

sib. 

and 

3 

iden. 

s 

2 pat sib , 3 pat iden All mat 

ulen 

X 

3 

sib 

and 

2 

iden 

s 

2 iden , 3 pat sib, mat iden 


X 

I 

5-nuc S 




5 iden 


X 

1 

4-nuc a 

nd 

1 sib 

s 

4 iden , 1 pat sib, mat iden 


X 

1 

4-nuc. and 

1 iden S 

5 iden 


X 

1 

3-nuc and 

2 aib 

s 

3 iden , 2 pat sib, mat iden 


X 

1 

3-nuc and 

2 iden S 

1 set of 3 iden , 1 set of 2 iden 

Each 








set mat iden, pnt sib to other set 

X 

1 

3-nuc. and 

1 2-nuc S 

1 set of 3 iden., 1 set of 2 iden 

Each 








set mat iden , pat sib to other 

set 

X 

1 

3-nuc, 1 

sib, and 1 iden, 

S 4 iden., 1 pat sib,, mat iden 


X 

2 

2-nuc a 

nd 

I sib 

. s 

2 sets of 2 iden,, mat iden to 

each 








other, 1 mat iden, pat, sib 
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TABLE 2 (CoMliaueiO 


xl 2 2-nuc and 1 iden S 


Relationship 


1 set of 2 iden ; 1 set of 3 iden. Each 
set inat, ulen to other set 


XVII. 1 4-nuc ovum 
x 4 sib, S, 1 ,2 
x 4 iden. S, 12 

x 1 sib and 3 iden S, 1.2 

x 1 sib and 3 iden S, 1 :2 

x 2 sib, and 2 iden S, 1 ,2 


x 2 sib and 2 iden S, 1 2 
X 1 3-nuc, and 1 sib S, 1 2 

x 1 3-nuc and 1 sib S, 1 2 

x 2 2-nuc, S, 1 2 

x l 2-nuc, 1 sib t 1 iden, 1 2 
XVIII. 1 3-nuc, ovum 
x 3 sib S, 1-3 

x 3 sib, S, 2 2 


2 iden , 3 put sib , mat iden 

5 iden 

1 set of 2 iden , I set of 3 iden Each 
set pat sd> , mat idea to other set 

4 iden , 1 sib 

2 sets of 2 iden, each pat sib, mat 
iden to other set, 1 pat sib, mat 
Iden to all 

3 iden , 2 pat 91b, mat ulen to nil 

4 iden , 1 pat sib, mat iden 

3 iden , 2 iden, Each set pat, sib , mat 
iden 

1 set 3 Iden,, 1 set 2 iden All mat 
iden 

4 iden , 1 pat sib, mat iden 

3 iden ; 2 put sib, mat uicn. to each 
othci and to iden 

2 sets of 2 iden , each set pat, sib , mat 
iden to other set, 1 pat sib,, mat 
iden 


x 3 iden, S, 1 .3 
x 3 iden, S, 2 2 
x 1 sib dnd 2 iden, S, 1*3 

x 1 sib and 2 iden S, 1 3 
x 1 sib and 2 iden S, 2:2 

x 1 sib, and 2 iden. S, 2:2 
x 1 3-nuc S, 1 3 
x 1 3-nuc S, 2 2 
x 1 2-nuc, and 1 sib S, 1-3 
x 1 2-nuc, and 1 91b S, 1 3 

x 1 2-nuc and 1 sib S, 2.2 
x 1 2-nuc, and 1 sib S, 2:2 

x 1 2-nuc, and 1 iden, S, 1 2 
x 1 2-nuc. and 1 iden S, 2*2 
XIX, l 2-nuc ovum 
x 2 sib S, 1 4 
x 2 iden S, 1*3, 12 


x 1 2-nuc. S, 1*4 
* 1 2-nuc. S> 1 3, 1 2 
XX 1 4-nuc and 1 Bib 


5 iden 

5 iden 

3 iden,; 2 ulen, pat, sib, mat, ulen, to 
iden, 

+ iden ; 1 pat sib, mat iden, 

2 sets of 2 iden,, 1 mat ulen, pot ulen 
to one set, sib to other 

4 iden.; 1 pat sib, mat iden 

5 iden 

S ulen. 

4 iden,, I pat gib., mat iden 

1 set of 3 iden , 1 set of 2 iden Each 
set pat aib, mnt iden to other set 

4 iden , 1 pat sib., mat iden 

1 set of 3 iden ; i set of 2 iden Each 

set pat sib, mnt. iden to other set 

5 iden 

5 iden 

4 iden ; 1 pat sib, mat iden, 

1 set of 3 ulen , 1 9et of 2 iden Each 

set pat, sib,, mat, iden to other set, 

5 iden 

5 iden 


x 5 sib S 


1 sib , 4 pat sib,, mat iden to each 
other 


ova 
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TABLE 2 ( Continued ) 


Genesis 


x 5 iden S 

x 1 sib and 4 iden S 


x 1 sib and 4 iden. S 
x 2 sib and 3 iden S 


x 2 sib and 3 iden S 
x 3 sib and 2 iden S 


x 3 sib and 2 iden S 

x 3 sib. and 2 iden S 

x 1 +-nuc and 1 sib S 
x 1 4-nuc and 1 iden S 
x I 3-nuc. and 1 2-nuc. S 

x 1 2-nuc and 2 iden S 
x 1 3-nuc, 1 sib, and 1 iden 

x 1 3-nuc, 1 sib, and 1 iden 


x 2 2-nuc and 1 sib S 


X 2 2-nuc and 1 iden S 


XXI 1 4-nuc and 1 iden ova 
x 5 sib S 
x 5 iden S 

x 1 sib and 4 iden S 


x 1 sib and 4 iden S 
x 2 sib and 3 iden S 
x 3 sib and 2 iden S 
x 1 4-nuc and 1 sib S 
x 1 4-nuc and 1 iden S 
x 1 3-nuc and 2 sib S 
x 1 3-nuc and 2 iden S 
x 1 3-nuc, 1 sib, and 1 iden 
x 2 2-nuc and 1 sib S 


Relationship 


4 iden , 1 pat iden,, mat sib 

3 iden, 1 pat, iden, mat sib to the 

iden,, 1 pat sib, mat iden to the 

iden 

4 iden ; I sib 

2 iden ; 2 pat sib, mat iden to the 

iden , 1 pat iden, to the iden , mat 

sib 

3 iden , 2 pat sib , 1 of which is iden 
and 1 sib to the iden 

3 pat sib,, mat, iden , 2 pat iden to 
each other pat 9ib to the iden 1 mat 
iden nnd 1 mat. sib to the iden 

2 iden , 1 sib , 2 pat sib , mat iden 
to each other and to iden, 

3 iden , 1 pat. stb,, mat iden to iden., 

1 pat, iden , mat sib. to iden 

+ iden , 1 sib 

4 iden 

3 iden , 1 sib , 1 pat sib , mat, iden 
to the iden, mat sib to ail 

5 iden. 

S 4 iden , 1 sib 

S 3 iden , 1 pat sib to all, mat iden to 
iden, mat sib to remaining 1, 1 
pat iden to iden, mat, sib, to all 
others 

1 sib ; 2 sets of 2 iden , each set pat 
s\b to the other, pat iden to remain- 
ing I, mat iden to each other, mat 
sib to remaining I 

2 sets of 2 iden, each set pat sib, to 
the other, pat iden to remaining 1, 
mat iden to each other, mat sib to 
remaining 1 

5 pat sib, mat iden. 

5 iden 

3 iden , 1 pat, sib , mat iden to the 
iden , mat sib to remaining 1 , l 
pat iden to iden , mat sib 

4 iden , 1 sib 

3 iden , 2 pat sib , mat iden 

2 iden, , 3 pat sib, mat iden 

4 iden,, 1 pat sib, mat iden 

5 iden 

3 iden , 2 pat sib, mat iden 
S iden 

5 4 iden ; I pat sib, mat iden 

2 sets of 2 iden , 1 nat sib. mat 
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TABLE 2 (Continued) 


Genesis 


Relationship 


x 2 2-nuc and 1 iden S 


XXII, 1 3-nuc and I sib. ova 
x 4 sib. S, 1 2 

x 4 sib S, 1 *2 

x 4 iden S, 1 '2 

x 4 iden S, 1 2 
x I sib and 3 iden S, 1.2 

x 1 sib, and 3 iden S, 1 2 
x 1 sib, and 3 iden. S, 1*2 
x 1 sib and 3 iden. S, 1 2 

x 2 sib, and 2 iden S, 1 ,2 

x 1 3-nuc and 1 sib, S, 1:2 
x 1 3-nuc and 1 sib S, 1 :2 
x 1 3-nuc and 1 iden 8, 1 2 
x 1 3-nuc, and 1 iden, S, 1 2 

x 1 2-nuc,, 1 sib , 1 iden. S, 1 2 
x 1 2-nuc, , 1 sib , 1 iden S, 1 2 
x 1 2-nuc,, 1 sib,, 1 iden, S, 1 2 

XXIII 1 3-nuc and 1 iden ova 
x 4 sib S, 1 *2 
x 4 iden S, 1*2 

x 1 sib, and 3 iden, S, 1 :2 

x 1 sib, and 3 iden. S, 1:2 

x 2 sib and 2 iden, S, 1:2 

x 2 sib and 2 iden, S, 1*2 


2 sets of 2 iden , 1 pat iden to 1 set, 
sib. to other, mat, iden. 


x 1 3-nuc, and 1 sib S, 1 2 
x 1 3-nue, and 1 sib S, 1 2 


x 1 3-nuc and 1 iden S, 1 2 
x 1 2-nuc, 1 sib, 1 iden S, 1 2 
x 1 2-nuc, 1 sib,, 1 iden, S, 1 2 

XXIV. E 3-nuc. and 2 aib, ova 
x 5 sib S 
x S iden, S 


2 iden.; 1 aib , 2 put. sib, mat. iden 
to the idem. 

2 iden ; 3 pat sib,, mat. iden, to each 
other, mat sib, to the iden 

1 set 3 iden,; 1 set 2 iden. Each act 
pat iden,, mat. sib to other set 
4 iden ; 1 pnt iden, mat, sib 

3 iden.; 1 pat sib, mat iden to the 
iden, mat, sib. to remaining 1; 1 pat. 
iden to iden,, pat sib. to remaining 1. 

4 iden , 1 sib. 

1 set 3 iden.; 1 set 2 iden. 

2 sets of 2 iden , each set p.it. sib , mot 
iden to other set; 1 mat sib , pat, 
iden, to one set, pat, sib to other, 

3 iden,, 1 pat sib, mat iden to iden ; 

1 pat. ulen, mat, sib to iden 

4 iden , 1 sib. 

1 set of 3 iden. ;1 set of 2 iden, 

4 iden , l pat, iden , mat sib 
1 set 3 iden,; 1 set 2 iden. Each set 
pat, iden , mat. sib. to other set 

4 iden,; 1 aib. 

1 set of 3 Iden. , 1 set of 2 iden. 

2 sets of 2 iden, mat Iden.; 1 mat- 
sib,, pat, iden. to one act 

2 iden ; 3 pat sib , mat. iden 

5 iden 

4 iden.; 1 pat. sib , mat iden 

1 set 3 iden , 1 set 2 iden. Each set 
pat. sib, mat, iden to other set 

3 iden. , 2 pat. sib., mat iden. 

2 sets of 2 iden , each pat sib,, mat 
iden to other set; 1 mat iden , pat. 
aib. 

4 iden , I pat aib , mat iden 

1 set of 3 iden ; 1 set of 2 iden Each 

set pat sib,, mat iden to other set 

5 iden. 

4 iden ; 1 pat. sib , mat iden 
1 set 3 iden ; 1 act 2 iden Each set 
pat. sib, mat. iden to other set 


3 pat. sib., mat. iden.; 2 sib 
3 idem; 2 pat. iden, to each other and 
to iden , mat, sib 
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Genesis Relationship 

x 1 sib, and 4 iden S 3 idcn , i pat iden, mat sib to iden , 

1 sib 

x 1 sib and 4 iden S 2 iden , Z pat iden to iden , mat sib , 

1 pat sib, mat iden to iden 
x 2 sib and 3 iden. S 3 iden , 2 sib 

x 2 sib and 3 iden S 1 sib , 2 iden , 1 pat sib,, mat iden 

to iden , I pat iden to iden, mat 
sib 

x 3 sib and 2 iden S 3 pat sib, mat iden,, 2 pat iden, mat. 

sib. 

x 3 sib, and 2 iden S 2 sib ; 2 iden , 1 pat sib , mat iden to 

iden, 

x 3 sib and 2 iden S 2 pat sib, mat, iden., 1 aib., 1 mat. 

sib , pat iden to remaining 1 , 1 mat 
iden to the 2 mat. iden , pat iden 
to remaining 1, 

x 1 3-nuc and 2 sib S 3 iden , 2 sib, 

x 1 3-nuc, and 2 iden S 3 iden , 2 mat sib,, pat iden, to all 

x 1 3-nuc , 1 sib , 1 iden S 3 iden , ] sib , 1 mat, sib , pat iden 

to iden 

XXV 1 3-nuc and 2 iden ova 

x 5 sib S 5 pat sib , mat iden 

x 5 iden S 5 iden, 

x 1 sib and 4 iden S 4 iden , 1 pat sib , mat, iden 

x 2 sib and 3 iden S 3 iden , 2 pat gib, mat iden to ail 

x 3 sib and 2 iden, S 2 iden , 3 pat sib, mat iden to all 

x 1 3-nuc. and 2 sib S 3 iden , 2 pat gib, mat, iden to all 

x 1 3-nuc and 2 iden S 1 set of 3 iden , 1 set of 2 iden Each 

set pat sib , mat iden, to other set 
x 1 3-mic,, 1 sib,, 1 iden S 4 iden , I pat sib, mat. iden to all, 

XXVI 1 3-nuc and 1 2-nuc ova 

x S sib S 3 pat. sib, mat iden , 2 pat sib,, mat 

iden. 

x 5 iden S I 9et of 3 iden , 1 set of 2 iden. Each 

set pat iden , mat sib to other set. 

x 1 sib and 4 iden S 2 sets of 2 iden , pnt iden to each 

other, 1 pat aib , mat iden to one 
set 

x 1 sib and 4 iden S 3 iden , 1 pat sib, mat iden to re- 

maining l, I pat iden. to iden, mat 
iden to remaining 1, 

x 2 sib and 3 iden S 3 iden , 2 pat sib, mat. iden to each 

other 

x 2 sib and 3 iden S 2 iden ; 2 pat sib, mat iden to re- 

maining 1, 1 pat iden to iden, mat 
iden to othei 2 

x 3 sib and 2 iden S 2 iden , 2 pat sib , mat iden to each 

other, 1 pat sib, mat iden to iden 
x 3 sib and 2 iden S 3 pat sib, mat iden , 2 iden 

x 3 aib and 2 iden S 2 pat sib, mat iden ; 1 pat iden to 

1 and pat sib to remaining 2, mat, 
iden to 2 mat iden , 1 pat, sib, mat 
iden to lemaimng 1 
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TABLE 2 (Continued) 

Genesis Relationship 


x 1 3-nuc and 2 sib S 3 

x l 3-nuc and 2 iden S j 

x 1 3-nuc, and 1 2-niic S 3 

x 1 3-nuc., I sib,, 1 ulen S 3 

XXVII 1 3-nuc,, 1 sib , 1 ulen ova 
x 5 sib S ^ 

i 5 iden S 

x 1 sib and 4 iden S j 

x 1 sib and 4 iden S 3 

x 2 sib and 3 iden S 3 

x 2 sib and 3 iden S 2 

x 3 sib and 2 iden S 2 

x 3 sib and 2 iden, S 3 


x 1 3-nuc , l sib , 1 iden S 
x 1 3-nuc , 1 sib , 1 iden S 

XXVIII 2 2-nuc ova 
x 4 sib S, 1 ,2 

x 4 iden S, 1 2 

x 1 sib and 3 iden S, 1'2 

x I sib and 3 iden S, 1 2 

x 2 sib, and 2 iden S, 1.2 

x 2 sib, and 2 iden, S, 1,2 

x 2 2-nuc S, 12 
XXIX, 2 2-nuc and 1 sib, twa 
x 5 sib, S 
x 5 iden S 

x 1 sib and 4 iden S 
x 1 sib and 4 iden S 


x 2 sib, and 3 iden S 

x 2 sib and 3 iden, S 

x 2 sib and 3 iden S 


idea , 2 pat sib, mat iden 
iden.; 2 iden Each set sib to other 
iden., 2 iden Each set sib to other 
iden, ; 1 pat, iden , mnt sib to ulen , 

1 pat sib,, mat iden to remaining 1 

sib, , 4 pat sib , mnt iden 
iden , 1 pat iden , mat sib 
iden ; 1 sib 

iden , 1 pat iden, mnt sib to iden ; 

1 pat sib , mat iden to iden 

iden ; 1 sib , 1 pat sib , mat. iden 

to iden. 

iden , 2 put sib , mat iden to iden , 

1 pat. iden to iden,, mat sib, 

iden , 1 sib J 2 pat sib, mat iden 

to iden 

pat sib, mat, iden , 1 mat iden, to 
iden , put, iden to remaining 1 , 1 
mat Rib , pnt ulen to remaining 1, 
iden , 1 sib. 

3 iden , 1 pat sib , mat iden to iden , 

1 mat sib, pat iden to iden, 

2 iden , 2 pat sib, mat iden , 1 pnt 
sib, mat iden to iden 

1 set 3 iden , 1 set 2 Iden, Each set 
pat iden, mat Rib to other set 

2 sets 2 iden ; 1 pat iden , mat sib to 
1 set, pat sib , innt iden to other 

2 sets 2 ulen, pat, iden to each other; 

1 pat sib, mnt tden to 1 set 
2 sets 2 iden ; 1 pat sib , mat iden to 
1 set 

1 set 3 iden ; 2 pat sib , mat iden to 
each other, 

1 set 3 iden , 1 act 2 iden 

1 sib ; 2 sets of 2 pat sib, mat iden, 

2 sets of 2 iden ; 1 pat iden , mat, sdi 
to 1 set, 

2 sets 2 iden, pal iden to each other, 

1 Sib, 

2 iden,, 2 mat, idea, pnt aib , one pat 
iden to iden and to remaining 1 , 
I mat sib, pat iden to iden 
2 iden,, 1 sib , 2 mat, iden, pat sib, 
1 of which pat iden to iden 
2 iden , 2 pat, sib,, mat iden , I mat. 

sib , pat ulen, to iden 
2 iden,, 2 pat aib, mat iden , 1 mat. 
sib , pat ulen, to iden. 
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TABLE 2 (Continued) 


Genesis 


Relationship 


x 3 sib, and 2 iden S 


x 3 sib and 2 iden S 
x 3 sib and 2 iden S 

x 2 2-nuc and 1 sib. S 
x 2 2-nuc and 1 iden S 
XXX 2 2-nuc, and 1 iden ova 
x 5 sib S , 

x S iden S 

x 1 sib. and 4 iden S 

x 1 sib and 4 iden S 

x 2 sib and 3 iden S 

x 2 sib and 3 iden S 


x 3 sib and 2 iden S 

x 3 sib and 2 iden S 
x 2 2-nuc. and 1 sib S 

x 2 2-nuc and I iden S 
XXXI 1 2-nuc and 1 sib ova 
x 3 sib. S, 1 3 
x 3 sib S, 1 3 

x 3 iden S, 1 3 

x 3 iden S, 1 ’3 
x 3 iden S, 2'2 
x 3 iden S, 2 2 

x 3 sib S, 2 2 

x 3 sib S, 2.2 

x 1 sib and 2 iden S, 1 3 

x 1 sib and 2 iden S, 1 3 

x 1 sib and 2 iden S, 2 2 

x 1 sib and 2 iden S, 2 2 

x 1 2-nuc and I sib S, 1 3 

x 1 2-nuc and 1 sib S, 1 3 

x 1 2-nuc and 1 sib S, 2 2 


2 pat sib, mat iden., 2 mat iden, pat 
sib,, L of which pat iden to remain- 
ing 1, 1 mat sib, pat iden to 1 of 
2 mat iden , pat sib 

2 iden , 1 sib , 2 pat sib , mat iden 

1 sib , 2 sets pat, sib , mat. iden,, 1 of 
each set pat iden to 1 of other set 

2 sets 2 iden , 1 sib 

1 set 3 iden , 1 set 2 iden. 

2 pat sib, mat iden , 3 pat sib, mat 
iden 

2 inden , 3 iden All pat iden (Or S 
iden ) 

3 iden ; 2 mat iden , pat sib., but l 
pat, iden to iden 

2 sets of 2 iden, pat iden to each 
other, 1 mat, iden to 1 set, pat sib. 

3 iden ; 2 pat sib , mat iden 

2 iden , 2 mat iden, mat sib , 1 of 
which pat iden to iden., 1 pat sib, 
mat iden to the non-iden. 

2 iden,; 2 mat iden, pat 9ib ; 1 pat, 
sib, mat iden to iden 

2 iden, 3 pat sib, mat. iden 

2 sets 2 iden , 1 pat sib , mat, iden to 
1 set 

1 set 2 iden , I set 3 iden 

3 iden , 2 mat iden pat sib 

1 sib , 3 iden , 1 pat sib , mat iden to 

iden 

1 set 3 iden , I set 2 iden All pat 
iden, 

4 iden , 1 pat iden, mat 9ib 

4 iden , 1 pat iden , mat sib 

1 set 3 iden , 1 set 2 iden All pat 

iden 

2 sets 2 iden, mat iden to each other, 
1 sib 

2 sets 2 iden , 1 pat sib, mat iden, to 
1 set 

4 iden , 1 sib 

1 set 3 iden , 1 set 2 iden 

4 iden , 1 sib 

2 sets 2 iden , pat iden to each othei , 
1 pat sib , mat iden to 1 set iden 

4 iden , 1 sib 

1 set 3 iden , 1 set 2 iden 

4 iden , 1 sib 
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TABLE 2 [Continued) 


Genesis 


Relationship 


x 1 2-nuc and 1 sib S, 2.2 
x 1 2-nuc. and 1 iden S, 1 3 

x 1 2-nuc and 1 iden. S, 1 3 

x 1 2-nuc and 1 iden, S, 2 2 

x 1 2-nuc and 1 iden. S, 2 2 

XXXII 1 2-nuc and 1 iden ova 
x 3 sib. S, 1 '3 

x 3 iden S, 1 3 

x 3 sib S, 2 2 

x 3 iden, S, 2 2 

x 1 sib and 2 iden S, 1,3 

x 1 sib and 2 iden. S, 1:3 

x 1 sib and 2 iden. S, 2.2 

x 1 sib and 2 iden S, 2 2 

x l 2-n.uc and l sib S, 1'3 

x 1 2-nuc. and 1 sib S, 1 '3 

x 1 2-nuc and 1 sib S, 2,2 

x 1 2-nuc and 1 sib S, 2 ’2 


x 1 2-nuc. and 1 iden S, 1 ,3 
x 1 2-nuc, and 1 iden, S, 2.2 
XXXIII 1 2-nuc, 1 sib, and 1 iden ova 


1 set 3 iden , 1 set 2 iden 

1 set 2 iden,; 1 set 3 iden. All pat, 
iden 

4 ulen,, 1 mat sib, pat iden 

4 iden , 1 mat sib, pot iden 

1 set 3 iden , 1 set 2 iden. All pat 
iden 

5 pat. sib , mat iden 

5 iden 

5 pat sib, mat iden 

5 iden. 

1 set 3 iden ; I set 2 iden All mat 
iden. 

4 ulen , 1 pat. sib , mat, iden, 

4 iden , 1 pat sib., mat. iden 

1 set 3 iden , 1 set 2 iden. All mat. 
iden 

1 set 2 iden , 1 set 3 iden All mat 
iden. 

4 iden,, 1 mat, iden, pat sib 

4 iden ; 1 sib 

1 set 3 idem, 1 act 2 Iden All mat 
iden 

5 iden, 

5 iden 


x 4 sib S, 1 .2 

x 4 Bib S, 1 ,2 

x 4 iden S, 1 2 
x 4 iden S, 1 *2 
x I sib, and 3 iden S, 12 

x I sib, and 3 iden, S, 1.2 

x 2 sib and 2 iden, S, 1’2 


1 sib,; 2 iden.; 2 pat sib., mat iden, 
to iden. 

2 iden , 3 pat, sib., mat iden. 

3 iden., 2 iden. All pat. iden. 

4 iden.; 1 pnt ulen, mat sib, 

4 iden,, 1 sib 


3 iden , 2 iden 
3 iden ; 1 sib 
to iden. 

2 sets 2 ulen , each mat 
other, 1 sib 
X 1 2-nuc, 1 sib , 1 iden S, 1 2 4 iden , 1 sib 
x I 2-nuc,, 1 sib , 1 iden, S, 1 ’2 1 set 3 iden ; 1 set 2 iden 


x 2 sib, and 2 iden. S, 1 ‘2 


1 pat sib , mat iden 
iden to the 


Reference to the table will disclose that each of the many modes 
of quintuple genesis does not give rise to a unique relationship among 
quintuplets Various modes of genetic origin result in common 
forms of relationships. 

In summary, it may be said that there are, peihaps, 206 modes of 
quintuplet genesis giving, rise to 84 distinct types of quintuplet 
relationships, namely*. 
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1 5 identical 

2 5 paternally identical, maternally sibling 

3 5 mntemally identical, paternally sibling 

4 4- identical, I sibling 

5 4 identical, 1 paternally identical, maternally sibling 

6 4 identical, 1 maternally identical, paternally sibling 

7 3 identical, 2 identical 

8 3 identical, 2 identical All maternnlly identical 

9. 3 identical, 2 identical All paternally identical 

10 3 identical; 2 paternally identical, maternally sibling 

11 3 identical, 2 maternally identical, paternally sibling 

12 3 identical, 2 paternally identical, maternally sibling to nil 

13 3 identical, 2 maternally identical, paternally sibling to nll- 

14 3 identical , 2 sibling. 

15. 3 identical, 1 sibling, 1 maternally sibling, paternally 

identical to the identical 

16, 3 identical, 1 sibling, 1 paternally sibling, maternally 

identical to the identical. 

17 3 identical, 1 paternally identical, maternally sibling to 

the identical, 1 paternally sibling, maternally identical 
to the identical 

18 3 identical , 1 paternally identical, maternally sibling to 

the identical, 1 sibling 

19 3 identical, 1 paternally identical to the identical, ma- 

ternally identical to the fifth, 1 paternally sibling, ma- 
ternally identical to the fifth 

20 3 identical, 1 paternally identical to the identical, ma- 

ternally sibling, 1 paternally sibling, maternally identi- 
cal to the identical 

21 2 identical, 2 identical, 1 sibling 

22 2 identical; 2 identical, 1 sibling Each set of identical 

paternally identical, maternally sibling to other set, 

23 2 identical; 2 identical; 1 sibling Each set of identical 

maternally identical, paternally sibling to other set 

24 2 identical, 2 identical, I maternally identical to one set of 

identical 

25 2 identical, 2 identical; 1 paternally identical to one set 

of identical. 

26 2 identical , 2 identical. Each set paternally identical to 

other set. 1 paternally identical, maternally sibling to 
all. 

27 2 identical ; 2 identical Each set maternally identical to 

other set 1 maternally identical, paternally sibling to all 

28 2 identical, 2 identical Each set paternally identical to 

other set I paternally identical to one set 
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29 2 identical, 2 identical Each set maternally identical to 

other pet 1 maternally identical to one set 

30 2 identical; 2 identical Each act paternally identical to 

other set. 1 maternally identical to one set 

31 2 identical; 2 identical Each set matcrnnlly identical 

to other set 1 paternally identical to one act 

32 2 identical, 2 sibling, L maternally sibling, paternally 

identical to identical 

33, 2 identical, 2 sibling, 1 maternally identical, paternally 

sibling to identical 

34, 2 identical, 1 sibling, 2 paternally sibling, maternally 

identical to the identical 

35, 2 Identical, l sibling; 2 paternally identical, maternally 

sibling to the identical 

36 . 2 identical, 1 sibling, 2 paternally identical to each other, 

maternally sibling. 

37. 2 identical, 1 sibling, 2 maternally identical to each other, 

paternally sibling. 

38. 2 identical; 1 sibling, 2 maternally identical, paternally 

sibling, 1 of which is paternally identical to the identical 
39 2 identical, 1 sibling, 2 paternally identical, maternally 

sibling, 1 of which is maternally identical to the Identical 

40. 2 identical, 1 sibling, 2 maternally identical, paternally 

sibling, 1 of which is maternally identical to the identical. 

41. 2 identical, 1 sibling, 2 paternally Identical, maternally 

sibling, 1 of which is paternally identical to the identical 

42. 2 identical, 1 sibling, 1 paternally sibling, maternally 

identic.nl to the identical, 1 paternally identical to the 
identic.nl, maternally sibling 

43. 2 identical; 2 paternally identical, maternally sibling; 1 

paternally identical to the identic.il, maternally sibling 

44. 2 identical, 2 paternally identical, maternally sibling, 

l maternally identical to the identical, paternally sibling 
45 2 identical, 2 maternally identical, paternally sibling, 1 

paternally identical to the identical, maternally sibling 
46. 2 Identical, 2 maternally identical, paternally sibling; 1 

maternally identical to the identical, maternally sibling 

47 2 identical, 2 paternally identical, maternally sibling, 1 

paternally identical to the non-identical 

48 2 identical, 2 maternally identical, paternally sibling; 1 

maternally identical to the non-identical 

49 2 identical; 2 paternally identical to the identical, ma- 

ternally sibling; 1 paternally sibling, maternally identi- 
cal to the identical 
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50 2 identical; 2 maternally identical to the identical, pater- 

nally sibling; 1 maternally sibling, paternally identical 
to the identical 

51 2 identical, 2 paternally identical, maternally sibling, 1 

paternally identical to the non- identical 

52 2 identical, 2 maternally identical, paternally sibling, 1 

maternally identical to the non-identical, 

53. 2 identical, 2 paternally identical, maternally sibling, 1 

paternally identical to the non-identical and maternally 
identical to the identical 

5+ 2 identical, 2 maternally identical, paternally sibling, 1 

maternally identical to the non-identical and paternally 
identical to the identical 

55 2 identical, 2 paternally identical, maternally sibling to 

the identical; 1 maternally identical to the identical, 

paternally identical to the non-identical 

56 2 identical, 2 paternally identical, maternally sibling to 

the identical, 1 maternally identical to the identical, pa- 
ternally identical to the non-identical 

57 2 identical ; 2 maternally identical, paternally sibling to 

the identical, 1 paternally identical to the identical, 

maternally identical to the non-identical 
58, 2 identical , 2 paternally identical, maternally sibling to 

the identical; 1 paternally identical to the identical, 

maternally identical to the non-identical. 

59 2 identical, 2 maternally identical, paternally sibling to 

the identical, 1 maternally identical to the identical, 

paternally identical to the non-identical 

60 2 identical, 2 maternally identical, paternally sibling, 1 

of which is paternally identical to the identical, 1 pater- 
nally sibling, maternally identical to the non-identical 

61 2 identical; 2 paternally identical, maternally sibling, 1 

of which ib maternally identical to the identical, 1 mat- 
ternally sibling, paternally identical to the non-identical. 

62 2 identical, 3 paternally identical, maternally sibling 

63 1 sibling, 4 paternally identical, maternally sibling. 

64 1 sibling; 4 maternally identical, paternally sibling 

65 1 sibling, 2 paternally identical, maternally sibling, 2 

paternally sibling, maternally identical 

66. 1 sibling; 2 paternally identical, maternally sibling, 2 

paternally identical, maternally sibling 

67. 1 sibling, 2 maternally identical, paternally sibling, 2 

maternally identical, paternally sibling 
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68 1 sibling , 2 paternally identical, maternally sibling; 1 

paternally identical to act of 2, maternally identical to 
fifth, 1 paternally sibling, maternally sibling to set of 2, 
maternally identical to remaining I 

69 1 sibling; 2 paternally sibling, maternally identical, 1 

maternally identical to set of 2, paternally identical to 
fifth, 1 maternally sibling, paternally identical to remain- 
ing 1 

70 1 sibling, 2 sets of 2 paternally sibling, maternally identi- 

cal, 1 of each set paternally identical to 1 of other set 

71 1 sibling, 2 sets of 2 maternally sibling, paternally identi- 

cal, l of each set maternally identical to I of other set 

72 2 sibling, 3 paternally identical, maternally sibling 

73 2 sibling, 3 maternally identical, paternally sibling 

74 3 sibling; 2 paternally identical, maternally sibling 

75 3 Sibling, 2 maternally identical, paternally sibling 

76 3 paternally identical, maternally sibling, 1 paternally 

identical to set of 3, maternally identical to fifth, 1 
paternally sibling, maternally sibling to set of 3, ma- 
ternally identical to remaining 1. 

77 3 paternally identical, maternally sibling, 2 paternally 

identical, maternally sibling 

78. 3 maternally identical, paternally sibling, 2 maternally 

identical, paternally sibling 

79 3 paternally identical, maternally sibling; 2 paternally sib- 
ling, maternally identical 

80, 3 maternally identical, paternally sibling; 2 maternally 

sibling, paternally identical 

81 3 paternally identical, maternally sibling; 2 maternally 

identical, 1 of which is paternally identical to set of 3, 

82, 3 maternally identical, paternally sibling; 2 paternally 

identical, \ of which is maternally Identical to act of 3 
S5 2 paternally sibling, maternally identical, 2 paternally 

sibling, maternally identical, l of which is paternally 
identical to fifth, L maternally sibling, paternally iden- 
tical to 1 of the two sets. 

84 2 paternally sibling, maternally identical, 2 paternally 

identical, maternally sibling, 1 paternally identically 
sibling identical, maternally sibling; 1 'paternally iden- 
tical, maternally sibling to 1 set, paternally sibling, 
maternally identical to other set, 
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LES RELATIONS GfiNfiTIQUES POSSIBLES ENTRE CINQ JUMEAUX 

(R6sum6) 

En general, on pent grouper toutes lc9 th6oriea de la gcnAse dcs jumeaux 
en quatre categories, A savoir, celles ayant rapport* (1) A I’oviilatioii et A 
la maturation du spernne; (2) A la fertilisation, (3) A In fissure dc I’oeuf, 
e( (4) aux caraclAres dcs chromosomes, Les facteurs qui se trouvent A la 
base de ces theories fonctlonnent 9a ns- doute dans la production de tons les 
types des enfants multiples, Ainsi une cellule scxuelle femellc on plus 
peut ctre fertilise, et dans une on plus de celles-ci la division pout avoir 
lieu ou avant ou aprfes la fertilisation, Par constqwcnt, les dwcises cellules 
sexuelles femelles qui comprcnnent la gcn£se dcs enfants multiples seront 
identities ou fraternells A 1'cgard les uncs des mitres, De memo fagon les 
cellules males aussi repr6senteront une relation fraternclle ou identique les 
unes aux autres Done les enfants multiples peuvent ctre patcrnclleincnt 
identiques ou pa tern el le merit fraternels selon qu'ils sont fertilises par dcs 
spermatozoides identiqncs ou fraternels rcspectiveinent Dc inerne fagon, 
les enfants peuvent &tre materncHemcnt identiqucs on maternellcmcnt fra- 
ternels selon qu’ils sont develop pea d’oeufa identiquea ou d’oeufs fraternels 
respectivement 

Qnnnd on class iHe tons Ics types possibles de genise dc 5 jumeaux dnns 
les cellules germinatives et qu’on d6cliiiTre tous leur9 moyens possibles de 
fertilisation, il se moot ret a qne chaque moyen dc gcnAae de S jumeaux ne 
cause pas une relation unique entre 5 jumeaux Divers moyens d’oiiglnc 
g^nitique r£su)tent en formes communes dc relations. En soinmc il y a 
peilt-Stre deux cent six moyens de genAse de 5 jumenux qui enusent qu.itre- 
vingt-quatre types distincts de relations de 5 jumeaux 

Schbidhmann 


M5GLICHE GENETISCHE BEZIEIIUNGEN ZWISCHEN 
FtiNFLIN GEN 
(Referat) 

1m allgemeinen konnen alle Theorien liber Zwillmgsgencsc in vicr 
Kategorien emgeordnet werden, namhch (1) in dicjemgen, die stcli auf 
Eier- und Samenerzeugung bcziehen, (2) Befruclitung , (3) Eispaltung, 
und (+) Eigenschaftcn der Chrotnosonicn Die Faktoicn, die dicscii 
7 heonen unterliegen, funktiomeren zwcifellos bei (ler Erzeugung aller 
Arten von vielfactiec Nachhominenschnft Auf dicsc Wcisc konntn cine 
o er mehr Gcschleditszellen befruchtet tverden, und in emer oder melicrcn 
dieser karin einc Spaltung entvmlcr vor oder nacli der Befruchtung vorkoin- 
mcn Folgbch vieiden die verschiedcncn wciblielicn Geschlechtszellen, die 
tie tiertese der Vielfachcn Nachkommenschaft nussniachn, identisch oiler 
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blntvenvandt in bezug aufeinander sein Ahnhcherweiae werden die 
mannlichen Zellen auch cm blutveiwnndtes oder identisches Verhaltnis 
nutcinandcr daratellen Folglich kann die vielfache Nachkommenschaft 
vaterlich identiach oder vaterlich blutverwandt sein, je nachdem sie von 
identischen oder blutverwandten Samen befiuchtet weiden Gleicherweise 
konnen die Nachkommenschaft mutterhch identisch oder mutterlich blutver- 
wandt sein, je nachdem aie sich aua identischen oder blutverwandten Elern 
entwickeln. 

Wenn alle moglichen Arten von funffachei Keimzcllengenese aufge- 
schneben weiden und alle moglichen Arten ihrer Befruchtung entziffert, so 
wird dargelegt, dags jede Art der funltachen Geneae nicht em einzigartiges 
V'erhaftnis unter Funf/ingen enfatehen /asst Versch/edene Arten des 
gcnetischen Ursprungs cigcben gemeinsame Forinen der Verhaltmsse 
Zusammenfassend gibt es vielleicht zweilmndertundsechs Arten der funf* 
fachen Genese, welche vierundachtzig beatimmte Arten von fiinftachen 
Verhaitnisaen entstehen lassen, 

SCHEIDEMANN 



A PRELIMINARY STUDY OF THE EIDETIC IMAGERY 
OF PRESCHOOL CHILDREN* 

From the Psychological Laboratory of the University of Texas 


Leigh Peck and Rosemary Walling 

The investigation to be lcportcd is an experimental study of the 
visual eidetic imageiy of piescliool children. As fat as the writers 
know, it is the Hist such study to be made either in the United 
States or abioad. 

Eidetic images are cxpenenced with sensory clearness, the visual 
eidetic image is literally seen. In consideration of the numcious 
careful studies that have been made with adults and with children 
of school age, there is no reason to doubt the existence of visual 
eidetic phenomena. These are believed by Jaensch (9) to be ten 
times as common as acoustic eidetic images. 


Previous Studies 

To the Marburg school of psychologists in Geimany, under the 
leadership of E. R Jncnsch, belongs the credit for arousing interest 
in eidetic phenomena and for making extensive investigations 1 of 
visual eidetic imagery. Their experimental work has been done with 
children of school age and with adults Jaensch himself commonly 
chose, subjects at Least ten ycacs old (9). Roessler (19) examined 
children between six and ten years of age, his subjects are the 
youngest reported in any systematic investigation 

Allport (1) examined children from ten to 15 years old] Teas- 
dale's (21) subjects were between ten and 14; Kluver (11, 15, 16) 
mentions no subjects younger than 11 years; Mcenes (18) worked 
with children of school age; Gcngerelh's (7) subjects wcic two gills 
of 11 and 15 respectively; Drummond (6) used chiefly adult 
psychology students, Tripp (22) tested children of 12 to 15. 

Antipoff (3) reported the spontaneous eidetic nnageiy of her 
seven-year-old son, and Revesz (19) described- the after-images of 
his preschool daughter. Downey (5) related the case of a four- 
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year-old boy who, though he was given no systematic examination, 
showed indications of spontaneous eidetic imagery This child is the 
youngest reported m the literature concerning eidetic phenomena 
In testing children between six and ten years of age, Roessler (20) 
found no con elation, eithei positive or negative, between eidetic 
ability and geneial intelligence, his conclusion is in harmony with 
those ot other investigators He found eidetic phenomena in 40 per 
cent of his subjects, with no significant sex differences Reports of 
sex differences by other writers have been conflicting and incon- 
clusive 

Differences between Older and Younger Children 

Whether youngei childien differ from older children and from 
adults in the characteristics of their images is an interesting question. 
Eidetic imageij is found much more frequently among childien than 
adults But at what period in childhood is it most frequently found 
and most vivid? Some writeis have maintained that eidetic ability 
is gi eatest just before pubei ty. Allport ( 1 ) considers the period 
between 12 anti 15 most favorable Jaensch (9), howevei, believes 
that eidetic phenomena aie more frequently found in younger chil- 
dien; and Ins contention is supported by Roessler's study (20), 
which indicates that eidetic ability is greater at six years than at 
the higher age levels. Tcasdale (21), using subjects ten to 14 years 
old, found that frequency of eidetic imagery increases with age if the 
weaker foims of imagery aie included, but that stronger imagery is 
present in the youngei children 

It is possible that younger subjects differ from older subjects with 
respect to the colors in which the images appear. Allpoi t ( 1 ) , 
testing childien between 10 and 15, States that positive eidetic images 
aie chaiacteristic of the younger subjects, but that older subjects tend 
to see eidetic images in colors complementary to those of the stimulus 
object Roessler’s (20) subjects often experienced images that were 
neither positive nor negative. For example, the eidetic image of a 
black silhouette picture might be red or green or purple, 

Herwig (8) reports that of 30 boys whose after-images he 
studied, only 10 (average age, 15 jears) had negative after-images, 
while 20 (aveiagc age, 13 years) had positive after-images, Of 
those who were classed as having negative after-images, some still 
experienced positive images of red and green stimuli even though 
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their images of yellow and blue stimuli wcie negative G. W. All- 
port (2) mentions an unpublished study by A L Allpoit, in which 
43 children (aveiage age, 11 ycais) were found to have negative 
after-images, 11 childien (average age, 11 years) achromatic aftei- 
images, and nine children (average age, nine years) positive after- 
images 

Nature of Eidetic Images 

Eidetic images occupy a position intermediate between aftei -images 
and memory images They differ from after-images in that they arc 
commonly seen without fixation, are of more complex detail, may 
in some individuals be changed in detail, banished, or summoned, at 
the will of the observer, arc sometimes seen in three dimensions; and 
are seen in positive colois by some individuals who see after-images 
in complementary colors. Moreover, eidetic images are said not to 
conform to Emmerds law, that is, they do not increase in size as 
the distance of the projection screen from the subject is increased 
Jaensch (9) considers positive after-images an indication of eidetic 
ability After-unages of long duration and after-images that aie 
continuous, not coming and going intermittently, are also considered 
by Jaensch to be signs of eidetic ability. 

Eidetic images differ from mcmoiy images in that they arc out- 
wardly projected, literally seen. The subject, as he watches the pro- 
jection screen, may exclaim, "Now I see it. Now it's gone. Now 
it's coming bade!” Very often the eidetic image is richer in detail 
than the memory image. 

The determination of whether a subject is describing an after- 
image, an eidetic image, or a memory image is, of course, a crucial 
point in testing for eidetic imagery The distinction is peihaps more 
difficult to make when the experimenter is working with very young 
subjects. Jaensch (9) has suggested that in young childien, tending 
toward the “unitary type,” the after-image, the memoiy image, and 
the eidetic image may be more closely related to each other, and 
more closely related to the perceptual processes, than is the case with 
adults In distinguishing between after-images and eidetic 
phenomena, the experimenter should note whether the subject fixates 
upon the stimulus picture, or whether he moves lus eyes freely in- 
specting it, In distinguishing eidetic phenomena fiom memoiy 
images, the experimenter should note whether the "attention of the 
subject is directed ovitwaids," with an "attitude of external localiza- 
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tion,” as Allport (1) says, and whether ‘'eye tension” is present 
when the subject looks at his projected image on the screen, as Teas- 
dale (21 ) observes 

The eidetic image depends both upon a physiological element, in 
so far as it resembles an after-image, and upon a conceptual element 
in so far as it resembles a memory image (9). In selecting pictures 
to be used in testing for eidetic imagery, both elements must be con- 
sidered. The physiological conditions are satisfied by the selection oi 
pictures with simple, strong outlines; in most of the investigations, 
silhouette pictures have been used, sometimes (as by Teasdale) with 
the main figures in black and the background in colors The con- 
ceptual conditions aie satisfied by the selection of interesting, mean- 
ingful, rather complex pictures. In testing children, it is especially 
important to use pictures that attract the involuntary attention of 
the subject 

In some subjects, the physiological element dominates the eidetic 
image, so that it moie nearly resembles an aftei -image , in other 
subjects, the conceptual element dominates the eidetic image, so that 
it more nearly resembles a memory image Jacnsch (9) refers to 
subjects in whom the physiological element dominates as the T-type, 
because he thinks their reaction related to a calcium deficiency, which 
in its extreme degree is manifested in tetany He calls the subjects 
in whom the conceptual element dominates the B-typc, postulating 
in them a hyper thyioid condition, which in its extreme farm becomes 
Basedow's (or Giavcs’s) disease His assumption ot these two con- 
trasted personality types as the cause of the obseived differences in 
eidetic imagery has been by no means completely substantiated by 
controlled investigation 

Purpose of Experiment 

The purpose of the present experiment was to deteimine whether 
the technique of testing for eidetic imagery could be succssfully 
adapted for use with pieschool children. The experiment was under- 
taken as a preliminary study, with the intention of making moie ex- 
tended investigations if a satisfactory technique could be woiked out 

The investigators recognized the difficulty of making the test in- 
telligible to such young children, and the further difficulty of seem- 
ing reliable introspective reports from such young subjects How- 
ever, children of preschool age can report accurately upon many 
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everyday matters, arid in nuisery schools it is customary to rely upon 
the children’s reports in carrying out the daily routine For ex- 
ample, children in nursery school can remember at 12:30 whether 
or not they brought their pajamas with them at 8 30 They can 
often even tell who had a toy fiist, in cases of dispute when the 
temptation to inaccuracy is great. Moreover, in the fitting of glasses 
for preschool patients, the oculist must rely upon the child's intio- 
spective icport. If we can make a test for eidetic lmngciy intel- 
ligible to preschool children, wc may expect from them leports com- 
parable in accuracy to the reports of older children The need of 
investigation with preschool children is evident from the fact that 
eidetic imagery has been found more frequently and in stronger 
degree among six-year-olds than among oldei clnldien (20) 

Subjects and Procedure 

The subjects used in the present investigation were 20 children 
fiom the University of Texas Nursery School. Eighteen were en- 
rolled at the time tested ; two were fornier pupils. They ranged 
in age from 24 months to 64 months, the median age was 43 
months. Both investigators wetc well known to the children 2 Tile 
subjects were tested individually in a plainly furnished examination 
room familiar to the children No head rest was used. The child 
and the examiner (Peck) were seated on opposite sides of a low dull- 
finished table. The record-keeper (Walling) sat behind the child 
The light came from windows at the back and to the left of the 
subject. Time was recorded with a stop watch. 

The pictures used in testing weic arranged in the order in which 
they were to be presented to the child, with sheets of giay paper 
between the mounted pictuies. After a picture had been exposed, it 
was slipped aside and a sheet of gray paper was left in place to serve 
as a projection screen. The pictures and the projection screen were 
held by the examiner about fifteen inches from the subject. The 
objects were mounted on cardboard and exposed in front of the 
projection screen. 

Materials 

Two series of test materials wcie used. A period of several days 

Dr PecL as psychologist and Mi99 Walling ns research assistant in the 
nursery school 
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intervened between the first and the second testing. The pictures 
used m the first test series, though rather strongly outlined, were 
not of the silhouette type, and weie possibly more difficult than 
silhouette pictures because they did not appeal so strongly to what 
Jacnsch calls the "physiological component" of the eidetic images 
The stimulus-pictures and objects included: 

1 . Fust Test Senes 

a Tests for after-images 

1 ) Two-inch red square to be fixated 10 seconds. 

2) Two-inch red squaie to be fixated 20 seconds 

3) Seven-inch black silhouette of boy running, to be fixated 
15 seconds 

b , Tests for eidetjc imagery 

1 ) Picture m colors (5x6)4 inches) of child mailing letter, 
street details in background, to be examined without 
fixation 20 seconds 

2) School scene in colors (5x6^4 inches), m foreground 
children arranging flowers in vase, in background child 
placing posters on wall, to be examined without fixation 
20 seconds 

3) School scene in colors (5x6)4 inches), in foreground 
children examining books, in background child writing 
on board and teacher assisting pupil, to be examined 
without fixation 20 seconds. 

4) Red fire truck (3 inches long, 1)4 inches high, 1 inch 
wide, one wheel off, two firemen, to be examined without 
fixation 15 seconds. 

5) Silver airplane (4 inches long, 1)4 inches high, 5 inches 
across wings), three purple propellers, one broken, to 
be examined without fixation 15 seconds 

2. Second Test Series. 

n. Tests for after-images. 

1 ) Two-inch red circle, to he fixated 20 seconds. 

2) Three-inch black silhouette of bear, to be fixated 20 
seconds. 

b Tests for eidetic imagery 

1) Black silhouette (3j4x4^4 inches) of two children and 
witch in forest-—copy of picture used by Roessler (20) — 
to be examined without fixation 30 seconds. 
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2) Black silhouette (3 inches) of gul reading, room 
detail m background — copy of picture used by Roessler 
(20) — to be examined without fixation 30 seconds 

3) Silhouette in black and red (4x5 inches) of boy picking 
flowers, girl carrying flowci basket and umbiclla, to be 
examined without fixation 30 seconds. 

Directions to Subjects 

The children were invited to the examination room by the ex- 
aminer "to look at pictures.” All came willingly. Before the test, 
the examiner, in a preliminary discussion, attempted to explain to 
the child the possibility of seeing things not really present After 
the child was seated at the table, lie was asked, "Do you know that 
sometimes we can see things that are not really there?” Since neaily 
all the children had recently attended a circus, the examiner gen- 
erally proceeded, "When you think about the elephant at the circus, 
can you see him, see just how he looked? Can you look up here 
(at projection screen), and see him right here?” If the child had 
not attended the circus, he was asked, "Can you flunk about your 
mother (or baby sister), and see her?” If the child said he could 
not "see’ 1 the things he was thinking about, he was told, "Maybe you 
could learn Wouldn’t that be fun?” Most people can learn to 
fixate well enough to experience after-images 

After the preliminary discussion, the examiner said, “Now I’m 
going to show you some pictures. I’ll show you one for just a little 
while, then take it away, and we’ll find out whether you can still see 
it after I take it away,” Jaensch (9) suggests telling the child that 
"something must be seen,” but in the present investigation so positive 
a suggestion to the subject was avoided. 

In testing for after-images the examiner said, "I'm going to show 
you a colored block (or ball). Look right at the dot in the middle of 
it. Look at it hard, Don’t look at anything else. Just look at the 
dot as long as I show you the picture [Stimulus-picture removed.] 
Now can you see anything? What do you see? What shape is it? 
What color is it? Can you put your finger on it ^ Can you nin your 
finger around the edge and show me how big it is ? Is it still there, 
or is it gone?” The last named question was asked ficqucntly, and 
was, in practice, intei polatcd repeatedly between the othci quest 
tions, Moreover, the child's expression and attitude wcie closely 
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watched to note whcthci lie really appeared to be looking at some- 
thing externally projected 

In testing for the after-image of a simple silhouette, the examiner 
said, “Now I’m going to show you a ieal pictuie Look at it the way 
you did at the block (or ball) Look at it hard, and don’t look at 
anything else Look right at the boy’s hand (or the bear’s eye) 
[Stimulus-picture jemoved] Can you see anything now? What 
do you see ? What coloi is it’ What is he doing ? Is it st/11 there, 
or is it gone?" 

Short rest periods weie given between pictures. Before the 
testing foi eidetic imagery was begun, the examiner explained, 
"There will be lots of things to see in this picture. Look at all the 
things in it. Look around at evciy thing in the picture ” After the 
stimulus picture was removed, the examiner asked, “Do you see any- 
thing? What do you see ? " and then asked such other questions as 
the child’s answers suggested ; foi example, “What color is the girl’s 
coat ? What is she doing ? What else do you sec ? Do you still see 
something, or is it gone ? ” 

The suggestibility of the subjects was studied by comparing the 
answeis to the question, “Is it still there, or is it gone?" with the 
answers to, “Is it gone, or is it still there The children did not 
appear to echo the answer last suggested If the subject did not 
lepoit an image immediately aftci the removal of the stimulus-picture, 
he was told, “Keep looking Maybe m a moment you will see it." 
For some individuals there is a short “latent period” between the re- 
moval oi the stimulus and the appeal ance of the image If the 
subject did not lepoit any images with eyes open, one picture was re- 
exposed, and the subject was instructed to close hrs eyes aftci the re- 
moval of the pictuie, to determine whether an eidetic image could 
be obtained under these conditions 

Records 

The time-keeper lecorded eveivthing the subject said, and noted 
also tile explanations and questions given by the exammci The dura- 
tion of an image was consideied to be the time elapsed between the 
child’s first report of the image and his icpoit of its disappearance 
In only one case was the image said to disappear and then to leap- 
pear In analyzing the lecords to find the number of details 
enumerated in an eidetic image, the investigators counted as details 
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(1) objects, (2) colors, (3) action, (4) spatial onentation. The 
subject was not credited with having an eidetic image unless details 
could be pointed out This is a more rigid intcrpictation than that 
sometimes given by pievious investigatois, some of whom (12) have 
regarded the rcpoit of tolois without detail as an indication of 
eidetic imagery of a weak, or “latent 1 type 


Results 

Aftei-Images. In the fiist test seues, aftei -images weic reported 
by II (55 per cent) of the 20 subjects, and m the second test sciies, 
by 17 (85 per cent) of the subjects. Every child who experienced 
after-images in the first test also le potted them in the second test. 
At the time of the second scitcs, the examine! demonstrated the 
technique of fixation to those children who had failed to get aftei - 
images in the first series The dcmonstiation seemed to impicss the 
clu Id i en with the fact that “you have to look right at it .ill the time,” 
and six of those who had faded to fixate steadily enough to get aftei - 
images in the first testing succeeded in the second senes The only 
children failing to get <iftei -images in the second testing wcie ,i yeiy 
near-sighted little gnl, and two hoys undci thiee veins of age whose 
attention was at best lathei fluctuating 
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Table 1 summarizes the data concerning the after-images of the 
individual subjects. The intelligence quotients given are from tests 
with the Minnesota Preschool Scale The duiation of each image is 
stated in seconds. Positive coloring is represented by the plus 
sign (+), and negative coloring by the minus sign ( — ). Colors 
other than positive or negative are given by name. In cases ■where 
the image changed in color, the changes are indicated in order of oc- 
currence 

Table 2 summarizes the data concerning the duration and color- 
ing of the after-images The fact that two-thirds of the images 
were positive, and nearly one-fifth in colors other than positive or 
negative, indicates the possibility that these were really eidetic images 
and not true after-images Jaensch (9) suggests that young children 
tend toward the <f unitary type" with eidetic images and aftei -images 
closely related to each other. The question of whether the subjects 
were familiar with the names of colors must be considered, especially 
since the naming of colors is placed at five years by the Stanford- 
Binet (which is generally, however, considered too easy at the pre- 
school levels) The children’s knowledge was cheeked with the 
color tests from the Minnesota Preschool Scale (Forms A and B) 
and was found to be accurate to the extent that each child who 
reported an after-image or an eidetic image knew the stimulus color 
and knew accurately whatever color he reported m his image. In 
nursery school, the children's attention had been rather frequently 
directed to the naming of colors 

Ktdetic Images. Ten children (50 per cent of the groups) re- 
ported eidetic images in the first test series, and only the same ten 
reported such images in the second series, None of the six children 
who, in the second testing, learned to fixate for after-images reported 
eidetic images All the eidetic subjects looked at their projected 
images on the screen None of the subjects who failed with eyes 
open succeeded in getting an image by closing the eyes after the 
lcmoval of the stimulus Table 3 summarizes the data concerning 
the eidetic images ot the individual subjects 

Table 4 summarizes the data concerning the duration, the details, 
and the coloring of the eidetic images The images resulting from 
the presentation of stimulus-objects did not differ significantly from 
those resulting from stimulus-pictures; consequently, the data con- 
cerning all the eidetic images are combined m the table. 



182 


LEIGH PECK AND ROSEMARY WALLING 




EIDETIC IMAGERY OF PRESCHOOL CHILDREN 


183 


Reliability of Technique 

The reliability of the technique used may be evaluated' (1) by 
noting the consistency with which the two parts of the test dis- 
tinguish the eidetic from the non-eidetic subjects, and (2) by cor- 
relating the ranking of the eidetic subjects in the first test series with 
their ranking in the second test series. The test is consistent in 
distinguishing the eidetic from the non-eidetic subjects, as the same 
ten children reported eidetic phenomena in each test series 
The relative ranking of the ten eidetic subjects may be determined 
by either of two criteria: the total number of details reported in the 
images, or the total duration of the images These two methods of 
ranking the subjects correlate quite highly with each other. In the 
first test series, the correlation between number of details and dura- 
tion of images is 95±.02; in the second series, 88±.04, How- 
ever, richness of detail is generally considered the best criterion of 
the strength of eidetic imagery (12) 

When number of details is used as the criterion for ranking the 
cifJetic subjects, the correlation between the first test series and the 
second is 75± 09 When duration of images is used in ranking the 
subjects, the correlation between the two paits of the test is 48±,16 
The correlations between the parts of the test aTe summarized in 
Table 5 


TABLE 5 

Correlations Between Parts of Test 
(10 eidetic subjects) 



1st variable 


2nd variable 

r PE, 

(1) 

Number of details in 

(1) 

Duration of images 



first series 


m first series 

95 ;£ 02 

(2) 

Number of details in 

(2) 

Duration of images 



second senes 


in second series 

8S± 9+ 

(3) 

Number of details in 

(3) 

Number of details in 



first scries 


second series 

75db 09 

(+) 

Duration of images 

(4) 

Duration of images 



in first series 


in second series 

48± 16 


Correlations with CA and MA 

The number of subjects in the present experiment is too small to 
permit any statistical comparisons of the incidence and richness of 
eidetic imagery at the vaiious pieschool age levels However, the 
correlation between chronological age, and either number of dc- 
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tails i sported or duration of images, is positive, as indicated in 
Table 6. While the figures based on so small a number of subjects 
can be only suggestive, it h intei estmg to note that the coi relations 
with age are decidedly lower for the second test series than for the 
first series or for the total test The second senes of stimuli con- 
sisted of silhouette pictures that appealed more strongly to what 
Jacnsch calls the "physiological component” in eidetic imagery than 
did the stimuli used in the first series Pei haps this "physiological” 
factor in eidetic imagery is less dependent on age than is the “con- 
ceptual component” also mentioned by Jaensch. 


TABLE 6 

CORRFI ATIONS OF ElDETIC IMAGERY WITH AGE 
(10 eidetic subjects) 



Chronological 

Details 

age withr 
Time 

Mental 

Detnils 

age with 

Time 

First series 

,5S±.14 

Aid: 17 

,74±,09 

.70 it 10 

Second scries 

17± 21 

.00 

56± 14 

32± 18 

Total test 

.41 ± 17 

,43:±.17 

.74dr 09 

.72+.10 


The correlation between mental age and either number of details 
reported or duration of images is also positive, and is lower for the 
second test series than for the first series or for the total test Ex- 
perimenters using older children and adults as subjects have found 
no correlation between general mental ability and eidetic imagery. 
However, differences in mental age may affect the performance of 
very young children in a test for eidetic imagery more than similar 
differences would affect the performance of older subjects. A certain 
minimum of mental ability is necessary m order to keep the directions 
in mind and to concentrate attention on the task, 

Comparison of Preschool with First-Grade Group 
A comparison of the preschool with a first-grade group was made 
possible through the cooperation of Miss Mary Clare Petty, 9 who 
used the first series of test material with 45 first-grade pupils HeT 
subjects averaged 80 months of age, 36.5 months older than the pre- 
school group. After-images were reported by 86.6 per cent of her 
subjects, as compared with 55 per cent of the preschool subjects 
(85 per cent of whom, however, reported after-images on the sec- 

*Miss Petty’s study, now in progress, is an investigation of certain factors 
(including eidetic imagery) affecting the rending readiness of first-grade 
children 
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ond testing) The duration of the images was decidedly longer for 
the preschool group, 66 seconds as compared with 14 seconds While 
the majority of the after-images reported by the preschool children 
were positive, nearly all the first-grade children reported negative 
images Positive and achromatic images were, however, mentioned 
by a few of the school group 

As indicated in Table 7 , 42.2 of the first-grade children reported 
eidetic imagery The figure corresponds closely to that (40 per 
cent) found by Roessler foi children of six to ten years. It is 
slightly exceeded by the preschool group, 50 per cent of whom re- 
ported eidetic imagery Of the 19 eidetic subjects in the first grade, 
only seven were able to project all their images on the screen; nine 
experienced all their images, and three part of their images, with eyes 
closed The duiation of the images was longer for the preschool 
subjects, 53 seconds as compared with 26, and the number of details 
enumerated was slightly greater, 4.6 as compaied with 4,1. In both 
groups the coloring was positive, except for a very few achromatic 
images. 

Individual Variations 

There was wide individual variation, both in the duration of the 
eidetic images and in the number ot details reported Among the 
first-grade children, the range for time was from 2 to 105 seconds, 

and for details from one to eight. Among the preschool children, for 

the same test series, the range for time was from 3 to 300 seconds, 

and for details from one to twelve 

The best individual subject in cither group was a child 58 months 
old, preschool subject number 19 (in Tables 1 and 3) In the first 
testing, her first after-image lasted 423 seconds; the second stimulus 
for after-images was omitted , the third after-image was interrupted 
at the end of 300 seconds, and the child’s attention distracted, to 
avoid undue fatigue. Her first eidetic image in this series was also 
arbitrarily interrupted at the end of 300 seconds; the others lasted 
151, 132, 150, and 78 seconds. The details of the eidetic images 
numbered 11, 12, 10, 5, and 8, respectively 

In the second testing, no interruptions were made, and, although 
the subject showed fatigue, she insisted that she wanted “to see all 
the pictures” Short rest pcnods were given filer two after- 
images lasted 559 and 673 seconds, and the three eidetic images 431, 
67, and 22 1 seconds The details of the eidetic images numbered 
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13, 10, and 8, respectively The coloring of the after-images varied, 
including positive, negative, and also othci colois The eidetic 
images were all positive, except for the introduction of green in one 
image of a black silhouette Hei reactions to tests for Emmert’s 
law also varied. Both after-images and eidetic images seemed to 
function contrary to Emmert’s law when first seen, but to follow 
Emmeit’s law as they became weaker. 

The definite way in which she cnumeiated details and pointed 
them out on the blank screen on which she was projecting her 
image is indicated by the following quotation from the records made 
at the time of the test. 

Yes, I can see it It’s black and white Two little boys and 
one man, a tree and a bird, and some leaves and grass. 

(Color of boys?) Black (Where is old man?) He’s on the 
steps He has his hat on (Still sec bird?) Yes, he’s sitting 
on the tree right there (pointing) (Leaves?) One here and 
one here and here and one here (pointing) (How does chil- 
dren's hair look?) It’s straight, with one little curl on each 
one's head, right here (pointing). 

The image lasted seven minutes, eleven seconds It at first ap- 
peared contrary to Emmert’s law, increasing in size when the screen 
was brought closer, decreasing when the screen was moved away, 
but a few minutes later it conformed to Emmert’s law 

Hei imageiy seemed to he of the “physiological” type in that she 
appeared to have no control over the duration of the image Though 
she plainly showed fatigue, when her images lasted five minutes or 
longer, she patiently propped her chin upon her hands, eyed the 
screen steadily, and reported wearily at intervals, “It’s still theie.” 
In contrast, subject 10 appealed to be of the “conceptual” type in 
that he impressed the experimenters as being able to banish his image 
at will He seemed to look at it as long as he found it interesting 
and then dismiss it Subjects 19 and 10 both manifest marked con- 
centration and perseverance in their play activities. The little boy 
appears to be aware of his spontaneous imagery, and to play con- 
sciously with Ins images 

Summary and Conclusions 

The investigation reported is an experimental study of the visual 
eidetic imagery of a group of preschool children The purpose of the 
experiment was to determine whether the technique of testing for 
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eidetic imagery could be successfully adapted for use with preschool 
subjects. The investigation was undertaken as a preliminary study, 
with the intention of making more extended investigations if a 
satisfactory technique could be worked out. The investigators recog- 
nized the difficulty of making the test intelligible to young children, 
and the furthei difficulty of securing intiospective reports from such 
young subjects However, the need for experimentation with pre- 
school children was evident, since no organized study had previously 
been made of the eidetic imagery of a pieschool gioup. 

The piesent investigators experimented with 20 nursery school 
children, ranging in age from 24 to- 64 months, with a median age 
of 4 months. Two senes of stimuLus- pictures and -objects were 
shown to the subjects. The subjects were tested first for after- 
images and then for eidetic images. Fifty-five per cent of the chil- 
dren reported after-images dunng the first testing During the 
second testing, after the technique of fixating had been demon- 
strated, 85 per cent reported after-images. Two-thirds of the after- 
images were described as being in positive colors, with the re- 
mainder negative, achromatic, or in other colors. It is possible that 
many of the presumed after-images were really eidetic images, 
especially since, according to Jaensch, young children are more likely 
to be of the “unitary type” The average duration of the after- 
images was 66 seconds for the first test senes and 71 seconds for the 
second 

The technique used in testing for eidetic imagery consistently dis- 
tinguished between eidetic and non-eidetic subjects, as the same ten 
children reported eidetic imagery in each of the two test series The 
correlations between duration of images and number of details 
enumerated were high: 95± 02 for the first series and ,88±.04 for 
the second The correlation between the two parts of the test was 
75 ±.09 when number of details was used as the criterion for rank- 
ing the eidetic subjects, but only 48 ± 16 when duration of images 
was used as the criterion. 

The eidetic images were in almost all cases positive In the first 
senes, the average duration of the images was 53 seconds, and the 
average number of details was 4.6, in the second series, the average 
duration was 56 seconds, and the average number of details was 4 8 
Positive correlations weTe found between rank on the tests for 
eidetic imagery and both chronological age and mental age, the 
correlations with mental age were higher than those with chrono- 
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logical age The correlations with age weie lower for the second 
test series than for the first series or for the total test, possibly be- 
cause tile stimuli in the second series appealed more strongly to the 
so-called "physiological component” of eidetic imagery 

The records of the preschool subjects on the first test series were 
compared with those of a gioup of 4-5 first-grade children, averag- 
ing 80 months in age After-images were less frequently found 
among the preschool children (in the first test series, that is), but 
wcie of longer duration, 66 seconds as compared with 14 seconds, 
The after-images of the school children weie predominantly negative, 
while two-thirds of the after-images reported by the preschool 
group were positive. 

Eidetic images were more frequently found among the preschool 
subjects (50 per cent as compared with 42.2 per cent), and were, 
moreover, always experienced with open eyes by the preschool chil- 
dren, while two-thirds of the fust-grade children who experienced 
eidetic images did so with eyes closed. The duration of the images 
was longer tor the pieschool group, averaging 53 seconds as com- 
pared with 26 seconds for the first-grade childien. In both groups, 
the coloring was positive, except for a very few achromatic images. 
The average number of details was 4 6 for the preschool children 
and 4.1 for the first-grade children. 

The results of this preliminary study seem to indicate that the 
technique of testing for eidetic imagery can be adapted to the under- 
standing of preschool subjects and that the results of such testing are 
reliable In the small groups tested, eidetic imagery was found more 
frequently and in stronger degree among preschool than among 
school-age childien. Further investigation with preschool subjects is 
needed The authors of the present experiment have already begun 
work upon several phases of more extensive and also more analytical 
investigation, 


Problems for Further Investigation 

The preliminary study has suggested a number of problems which 
the writers hope to investigate, 

1 A more analytic study of preschool subjects known to be 
eidetic, using apparatus that peirnits automatic control of exposure- 
time and of distance, so that the operation of jEmmerPs law can be 
more carefully checked than was possible in the present investigation, 



190 


LEIGH PECK AND ROSEMARY WALLING 


and so that sucli problems as the density of the image, the effect of 
different colors in the stimulus, and the reappearance of the image on 
successive days, can be studied more objectively 

2 A statistical companson of eidetic phenomena at the various 
preschool age levels, with an adequate number of subjects. 

3. A companson of the imagery of young children of various 
racial groups 

4 A study of parent-child similarity in imagery. 

5 A study of the i elation of the alleged psychophysiological 
diffei cnccs in eidetic types (T-type and JB-type) to diffeiences in 
body chemistry 

6 Investigation of the theory that in very young children of the 
"unitary type” eidetic images, after images, and the perceptual 
processes are closely related. 

7 A reexamination of the theories of color vision, in the light of 
evidence ofteied by the various investigations of the after-images 
and eidetic images of children 

8. A study utilizing records, made with the eye-movement camera, 
of eyc-movemcnts during the examination of the stimulus and the 
projection of the image. There is no evidence at present that indi- 
cates to what extent eidetic imagery depends on the chemical re- 
action of the retina and to what extent it depends on eye movements. 

9 An investigation of the relationship, among adolescents, be- 
tween eidetic ability and literary appreciation as measuied by 
standardized tests 

10 Investigation of the various kinds of eidetic imagery other 
than the visual 
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UNE ETUDE PRELIMINAIRE DES IMAGES EIDETIQUES DES 
ENFANTS DE L’AGE PRfiSCOLAIRE 
(R6sum6) 

L'invcstigation rapporttfe est une 6tude experimental dcs images visucllcs 
eidetiqut9 d’un groupe de vingt ekves d'une ecole matcrnellc (nursery 
school), age9 cn moyenne de 43^ mois Le but a etc de dSterminei, avant 
Ics investigations possibles d’une nature plus ctendue, si la technique de 
tester pour les images eidetiques pourrait Stre adaptee avec succ^s pour 
I’usage avec les aujets d’age prescolaire Le besom de I’expdrimentation a 
eti Evident puisque 1’on n’a fait au cune etude organisee de cette sorte 
auparavant 
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Dans chncune de deux series de tableaux et d’objets de stimulus, il y a 
eu premiAremcnt un test pour lea images consAcntives et cnsuite pour les 
images eid^ti^uca. Des images consAcutives ont dtd rapportees par la 
piupart des sujets, ont positives ett deux tiers des can, et ont dure 68 
secotides en moyenne Dcs images eiddtiques ont 6t6 rapportees par la 
moitid des enfants, ont ^t6 positives pour la plupnrt, ont dur£ 54 secondes 
en moyenne, et ont contenu 4,7 details en moyenne On a tiouve dcs 
correlations positives entre le rang dea Images eidetiquea ct les figes et 
chronologique et mental, Compare A un groupe dc 45 AIAves de la premiere 
ann£e de I’AcoIe AlAmentmrc, Ie groupe pr6scolaire a montr6 les images 
eiditiciues plus fr^quemment et A un plus haut degr£. Les results sem- 
blent indiquer que la teclinque de tester pour les images etd6tiques pent 
etre adaptfie pour les stijets d'age pr4scolairc et que les tests sent validcs. 

Peck lt Walling 


EINE VORUNTERSUCHUNG DER EIDETISCHEN ANLAGE BEI 
VORSCHULPPLICHTIGEN KINDERN 
(Referot) 

Diese Untersuchung ist ein expenmentelles Studmm der optischen 
Anschauungsbilder be! einer Griippe von 20 Kinderstubenkindein im Durch- 
schnittsalter von 43 l /i Monaten. Diese Untersuchung zielt daraufihm, die 
Bestimmung zur weiteren Untersuchung zu machen, ob sick diese Methode 
fur eidetische Anschauungsbilder zum Gebrauch bei vorschulpfichtigen 
Kindern anwenden lasst, Die Notwendigkeit solcher Versuche war augen- 
failig, da keine solche Untersucliung dieser Art vorher gemacht vvorden ist 
In jeder von Z'wei Reihen vtm Reizbildern und Objekten wurde zunachst 
fur Nachbilder und dann fur Anschauungsbilder gepruft, Nachbildcr wur- 
den von der Mehrznhi dcr Vpn angegeben; diese wftren positiv in zwei 
Drittel der Faile und dauerten im Durchschnitt 68 Sekunden, Eidetische 
Vorstellungen wurden von dcT Halfte der Kinder angegeben; diese waren 
meist posltiy, dauerten im Durchschnitt 54 Sekunden und enthielteti im 
Durchschnitt 4^7 Details Positive Korrelationen wurden zwischen dem 
eidetischen Rang unil sow obi dem chionologischen wic geistigen Alter fest- 
gestellt Im Verglelch zu einer Griippe von 45 Kindern der ersten Stqfe 
(first grade) wies die vorschulpflichtige Gruppe Anschauungsbilder haufiger 
und zu ^einem starkcren Grade auf. Die Ergebnisse scheinen darauf 
hinzuweisen, dflss die Methode zur Untersuchung der Eidetik auf vorschulp- 
flichtige Kinder angewandt werden kann und dpss die Tests zuverlassig sind 
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ON THE PROBLEM OF “ALL FOURS” LOCOMOTION* 


David M Levy and Simon H. Tulchin 


In collecting material for his study of Child) en Who Run On dll 
Fours (4) Hidlicka has opened an interesting problem on tins phase 
of human locomotion His method consisted in gathering data 
through letters from parents. It ls a “correspondence iesearch” 
and natuially suffers from the type of data offeied Nevertheless, 
the wealth of instances of this type of behavior, often with photo- 
giaphs, has confirmed Hidlicka in Ins conclusion that walking on 
ail fours is “a weakened but apparently still a continued lnhcntanee 
from the prehuman past” (p. 17) 

There are a number of facts gathered by Hrdhcka that weaken 
his theory. There is, for example, a sex diffeicnce “All fours 
walking” occurs more frequently in males, in the proportion of 
three to two, a point Hrdhcka explains on the basis of “greater 
muscular strength and activity of the male child ” But the phenome- 
non occurs more frequently among first born, for which this explana- 
tion cannot hold Hrdhcka makes the blanket assumption that it 
occurs more frequently among ncgioes (although he has received 
only a single record from an American negro) He believes their 
meager response was due chiefly to lack of education. 

Our thesis is that the phenomenon of walking on all fours may be 
explained more rationally by factors other than “phylogenetic persis- 
tence,” namely (1) spasticity of the legs, however mild, due to 
organic disturbance of the central nervous system, most frequently 
through birth trauma, (2) a transition stage between creeping and 
walking, when standing oi the ability to stand occurs simul- 
taneously oi in close i elation with uecping. This stage is 
related to tile problem of maturation Like the first condition, 
it would tend to keep the legs in extension dui ing the creeping stage 
(3) A third source, piobably infrequent, is derived from regressive 
behavior in infants who, after a short period of walking, return to 
cieeping, though with legs in paitial extension, when an illness inter- 
venes, or in response to psychic regiession 

’Accepted for publication by Cail Murchison of the Editorial Boa id and 
received in the Editorial Office, February 6, 1935 

193 



m 


D m LEW AND S, H TTJLCHIN 


That spasticity is a factor may be inferred theoretically from 
Hrdlicka’s own matenal Take, for example, the sex difference. 
Of his 369 instances, the proportion of males to females is three to 
two This is in keeping with the greater probability of spasticity in 
male infants, as is well known In Sachs and Peterson's tabulation 
of 225 cases of infantile cerebral palsy, the proportion is also about 
three to two— 134 males to 9l females (5). A significantly large 
number of hist borns of both sexes aie found This difference aLso 
Hrdhcka explains in terms of muscular and nervous vigor But the 
greater susceptibility to spastic palsy among first borns among primi- 
para seems a more consistent explanation (2, 5, 6). Furthermore, 
lus percentages of “all fours" decrease with the later horn, as also 
in spastic palsy He mentions (p 87) “a curious coincidence" in 
children who walk on all fours as walking on tiptoes This, of 
course, may be related to spasticity He cites nine cases in winch 
this occurs and in two instances the tendency continued while walk- 
ing, The knee is described as stiff in nine instances, i e., the legs 
are kept in the extensor position Further evidence of the theory 
that spastic palsy may explain a number of his cases occurs on page 
275, a history of birth injury; page 276, peculiai spells, page 304, 
retardation in sitting alone until nearly twelve months; page 306, 
evidence of mental deficiency. In the instances enumerated, the 
symptoms of delayed development, mental deficiency, birth injury, 
epileptic-like seizures, are points that favor the diagnosis of spastic 
palsy. 

The relation of birth injury to minor problems of neuio- muscular 
coordination has naturally received less attention than the clear-cut 
pictures of infantile spastic palsy. Recent studies indicate that 
hemorrhage in the skull is a frequent result of the birth piocess, and 
that f ‘in infants born dead or dying soon after bnth, one of the com- 
monest lesions is a hemorrhage ovei the convexity near the rrjidline 
so situated as to compress the leg center" (2) Consequences in 
the form of gross lesions of the central nervous system ax'e fortu- 
nately infrequent As compared with them, relatively minor effects 
revealed clinically in clumsiness, slight spasticity, and the like, yet 
without well-defined clinical features, may be a more frequent find- 
They may occur in children whose general picture of good 
health and strength corresponds to that of many of the child icn in 
Hrdlicka’s group. 
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Any factor that favors extension of the legs has the following 
possible effects on the pi ogress of locomotion By interfering with 
flexion at the knee it may (a) prevent the knee-Iund crawl (creep- 
ing) and (£) help retain the earlier stage of “hitching,” le, pro- 
pelling the body forward by hands or elbows (with cither no as- 
sistance from the extended lower limbs or a pushing action of the 
feet against the floor), oi other forms as rolling, twisting, buttock 
propulsion in sitting position forwards or backwards (c) It may 
cause the hand-foot crawl (“all fouis” locomotion) or (d) the 
crawling (hitching) or creeping stage may be eliminated entirely so 
that standing and Walking occur without these preliminary stages 

It is not argued that all the variations enumerated are due to spas- 
ticity, merely that if spasticity of the legs is present, it must neces- 
sarily favor them An example of a frequent type of neurologic 
picture m which spastic palsy may be diagnosed only by inference is 
best taken from the group of mentally retarded. We are selecting 
one of these in which the parents had moving pictures of the child 
when it walked and ran on all fours. The patient, a girl and an 
only child, was examined at 22 and at 28 months of age. In both 
studies, according to the developmental scale of Gesell, she was 
retaided about 12 months When first seen, locomotion was in the 
form of walking, “all fours” creeping and buttock crawling (pro- 
pelling buttocks forward in sitting position, using the hands to aid in 
lifting the body and the feet, as a forward brace) and walking occa- 
sionally on her toes (The period of all fours locomotion occurred 
at about 13 months of age and is still occasionally present.) The 
findings favoring an inference of spastic palsy are the following’ 

(1) the infantile extensoi reflexes of the big toes aie still present, 

(2) occasional athetotic movements of the fingers, (3) slight ataxia, 
(4) walking on toes, and (5) (a) history of a “torpoi” during the 
fitst six months of life, (i) developmental delay, (r) a difficult laboi 
in a pnmipara age 31, though without forceps. 

Tile patient described may give the impression of a very obvious 
case of oi game disease Nevertheless, she presented no gtoss evidence 
of spastic palsy The neurological evidence in the case was limited 
enough, though clear In the case to follow, that of an apparently 
healthy, stiong and bright bov of 8 yeais, the evidence is still more 
of an inferential quality Nevertheless, his period of “all fours” 
locomotion seems logically i elated to some disorder, however mild, 
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of the central nervous system The patient was refeired because of 
lus difficulty in learning to read. He was the second of two chil- 
dren, born with the aid of low forceps after a severe labor He 
was a very active, restless baby, and slow in his development First 
tooth appeared at one year, at which time he started to creep on 
hands and feet. The mother states. “His legs would be stiff and 
not bent at the knees ” He stood m his crib at 10 months of age, 
two months before the “all fours 1 ' walking “At 16 months when 
he started to walk he ran across the room " Physical examination 
revealed slight external strabismus of the left eye, inequality of knee 
jerks, a closed Babinski, slight incooidination, jeikiness of fingers, 
and general clumsiness in handling fine objects 

The cases cited might be duplicated many times They point to 
the possibility of an organic explanation foi a number of Hrd Helen's 
cases. Furthei data may be gatheied on the early problems of loco- 
motion in children with well defined spastic palsies, but the examples 
cited at least indicate a strong piobability that the “aLl fours” 
phenomenon may be due to organic factors that favor extension of 
the lower limbs 

A second source of the “all fours' 1 locomotion is derived thcoietw 
cally from differences in the late of maturation Such differ enc.es 
are jn turn related to functional facilities in locomotion. An infant, 
for example, may stand up in his crib before he is allowed to have 
access to the floor If such an infant is given hee opportunities to 
move about on the floor after standing with support has been accom- 
plished, wc would expect variations on that account in the creep- 
ing and crawling patterns The gi eater the infant's facility in 
standing, the more likely, under the circumstances described, would 
extension at the knee tend to appear in the creeping pattern, This 
may be stated also in terms of the age of the infant The older the 
infant when it begins to stand, the more likely (if creeping follows) 
will it tend to keep the legs m extension (i.e , “vn readiness for 
walking.' ) This statement is based on observations that maturation 
per se is of special importance in locomotor progress (3) Our own 
findings indicate that the older the infant at the onset of standing, 
the sooner is it likely to walk, regardless of other considerations 
Tlie second case cited is in point. Besides spasticity, the problem of 
maturation complicates the picture since the boy stood up at 10 
months, some time before he began to creep 
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The locomotor pattern typically pi ogi esses fiom crawling (pio- 
pulsion with toiso touching the floor), to creeping (piopulsion with 
raised torso), to standing, to walking (1) In healthy children 
factors mtcrfeiing with the usual progress of these patterns have to 
do with paiental interference with crawling, hampering clothing 
(especially the long baby dresses of the past generation), prolonged 
confinement to the cnb, and obesity Indeed, (unlike Hrdliclca) we 
would infer that in pnmitive 01 other gioups in which locomotor 
activity is fiee, the typical pi egression would be found more fre- 
quently than in the uiban population 

Data on the age of onset of locomotor patterns, based on the 
mothei's memory foi events yeais past, suffer naturally in accuiacy 
Some years ago we utilized the facilities of Better Baby Shows 
in the county fans of Illinois for several studies, among them the 
collection of observations and lecoids of the walking stages, We 
had the advantage, thiough physical examinations, of selecting pre- 
sumably healthy children, of inquning about onset only foi the 
infants under observation and of checking the mother’s memory 
tiuough comparison with a gioup of children in whom the onset of 
the pattern occurred within a month of oui own observation of it. 

In the two tables following, dates of onset aie given by age in 
months for standing and walking The second table contains a 
selection of data from the first, in which the pattern of locomotion 
desciibed began within a month of the day of observation It is a 
check on the reliability of data in Table 1 

The next table that follows designates intervals in months be- 
tween certain earlier stages of locomotion and the final stage of 
walking It was tabulated from a rather small number of cases 
in which accurate data both on the early patterns of locomotion and 
the date of onset of walking without support were available. It 
shows that the “all fouis” creeping is closer to walking than the 
other foims Since we know that the interval between standing 
(with support) and walking (without support) is just about three 
months, the progression of patterns goes in the order ciawling, hand- 
knee creeping, hand -foot creeping (all fours), standing. 

That maturation per se is a factoi detei mining the length of time 
mtei veiling between progressive patterns of locomotion may he 
demonstrated in Table 4 It shows generally that the older the 
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infant when it begins to walk with suppoit the sooner will it leach 
the stage of walking without support 
The “all fours” pattern occurs much more frequently than is gen- 
erally supposed In the study of ciawling and creeping actually 
observed in the Bettci Baby shows, and in which detailed notes were 
available, we found it eleven times, and in a modified form (two 
hands — foot-knee creeping) three times; ie., fourteen instances m 
83 infants, 1 This ficqucncy is not surprising The “all fours” pat- 
tern, when it appears, is part of an orderly process in locomotor 
progression, between the ciceping and standing stage. Evidence of 
the frequency of the “all fours” pattern completes the data relating 
to the second point of oui thesis, namely, that the pattern is a 
transition stage between creeping and walking, and is brought out 
in healthy childien through the process of maturation, so timed that 
the ability to stand and the creeping stage aie closely related in time 
The fact that the phenomenon is not infrequent also favors the view 
that it is a natural vnuation under the conditions stated of the 
knee-hand creeping pattern, 

For the third source of “all fouis” locomotion we have no examples 
available Regression to this stage after walking has been accom- 
plished, whether through an intervening illness or through a return 
on a psychological basis to earlier infantile behavior, is included at the 
present time as a theoretical possibility. 
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SUR LE PROBLEMS DE LA LOCOMOTION "A QUATRE PIEDS" 

(R^sumd) 

Ort a fait une gtude du phf nonane de la locomotion & quatrc pm da chez 
lea petita cnfants die a stimuli par la conclusion du Doqteur Htdlicka 
d’une recherche dfrivee prmeipalement dc la collection de donates au moy e n 
de lettrea de correspond a»ts ordmaircs que cette forme particuh&re de 
locomotion est “un heritage faible mais 6videmraent encore confirm du 
pass6 pr£-humjiin ’* Dans I'etudc fane, on a classifid lea observations dea 
formes locomotnces chez des centaines d’enfants normaqx, on a citd des 
6tudes climques de la paralyse cerfbrale spastique qui montrent que la 
locomotion A quatrc pieds sont un symptfime de l’£tat spasmodiqiie, et 1’on 
a utilise dc la statistique qui indique qu’elle est beaucoup plus frequehte que 
l’on ne croit ordinairement On cxplique le pli^noinene par nutres factors 
que “la persistence phvlog^nctique,’* it savoir, sur In base dq tous les fac- 
tems dans In sante on dans la maladie qui. favorisent i’extension ou em- 
peebent la flexion des jambes pendant la periods dc tamper On a trouvi 
ces fncteurs dans (1) tou9 les derangements organiques qui causent un 6tat 
sppsmodique des jambes, si Ifger qu’il soit, surtout ecu* dfls au trauma de 
naissance, (2) une pgriodc norma le dc maturation ou, principalemerit & 
cause des facteurs du milieu, la capacity de se tenlr debout s’cat montr^e 
en meme temps ou dana tine etroite relation nvec Faction de tamper, ( 3 ) 
le comporteinent regressif chez les enfanta qui rampent de nouvegu apr£s 
line courte pfnode dc marcher, bien que lea jambes 3oient partiellernent 
etendues, £ cause d'wie maladie interm^diare cm on reponse h la regression 
psych ique. 
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DAS PROBLEM DES GEHENS AUF ALLEN VIEREN 
(Referut) 

Eine Untersiichung des Phanomens des Gehens auf alien vieren bet 
kleinen Kindern wurde vorgenominen, Dies wurde dmch Dr HrdUckas 
Schlusa aus eincr Forschmig angeregt, dei hauptsjchlich dqrch die Sarrm\- 
lung von Daten vermittelst Bricfe von Laicnkorrespondqnten gewonnert 
wurde, und der besagt, dim die besoridere Form der Bcwegung dttrch eine 
“entkrnftigtc, uber scheinbar noeh eine fortdaurendc Vererbnng aus der 
vormenschlichen Vergnngenheit" set, In diescr Untersu chung wurden 
Beobachtungcn der Bowegungsmustcr bei Hunderten von normalen kleinen 
Kmdern gcmacht und aufgeschneben Falle von Gehirnkrampflahmimg 
WUrden ungegeben, welche das Kriechen auf alien vieren a Is ein Symptom 
der Spa&tuitat darwies Die statistiscbe Behandlung der Ergehmsse 
ergab, class das Geheti auf alien vieren hnufiger sei, als allgernun ange- 
nonnmen vvjrd, Das phanomen lvurtle durcb andero Faktoicn als die 
'‘phylogenetische” Beharrlichkeit erklart, namlich auf Gtund aller Fak- 
toren bei Gesundheit oder Krankheit, welche die Ausstreckung der Bcinc 
begunstigen oder die Biegung der Bemc wahrend des ICreichenstadiuma 
vcrhtndern, DieSe Fnktoren fanden sicb bei alien organiachen Storungen, 
welche (1) Spastizitnt der Seine verursachen, ganz egal vvie mdd, be- 
sotiders bei denei^ die durch Geburtsvvunden entstandeq sind, (2) qm 
norma les Reifungsstadium, m dem die Fahigkeit zum Stehen rauptsath- 
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lich durch Umweltfnktoren gJeichzeitig oder in enger Bmehung rmt deni 
Knechcn stattfand, (3) regies3ives Veihalten bei kleinen Kindcin, die 
nach einer kurzen Zeit des Gehens das Krlechen wieder aufnehmen, 
obgUich sie die Bcine teikycise ausge9treckt balten, was dnrcli erne diu* 
wischenkommcnde Krankheit odei dincb eine gcistige Rnckkehr veiursacht 
Wiirde, 

Levy unp Tulchin 



SIDEDNESS AS AN ETIOLOGICAL FACTOR IN 
STUTTERING* 

From the Speech Chmc of the University of Minitesoln 


Bryng Bryngepson - 


Speech pathology, which m recent yeais has come to be considered 
very closely related to the medical sciences, is that science which 
deals with disorders of speech m an attempt to understand them 
through etiology, natuie, symptomatology, and treatment 
The pioblcm of stuttcung, its etiology and treatment, lias atti acted 
the attention of psychoanalysts, otolaryngologists, pediatricians, and 
speech pathologists for many years, In the eaily histoiy of man, 
stutteiers wcie thought to be possessed of devils or other evil spirits, 
As Jate as 1841 suigery was the method employed in a cure. The 
surgery was then directed mainly to the tongue Adenoids and ton- 
sils received their share of attention Peppermint oil and smoking 
were recommended for the allaying of the spasms ot the speech mus- 
culatures. 

During the past 15 years, stuttering has been subjected to rather 
careful laboratory, experimental, and cluneal study The experi- 
mental approach has been largely sponsored by Dr. Lee Travis of the 
State Umveisity of Iowa His work on action currents has attracted 
nation-wide attention, At the Umveisity of Minnesota we have 
studied the pioblem from the clinical angle, and have been able to 
throw considerable light on stuttering tbiough intensive research on 
sidedness and handedness We aie now engaged in the study of 
stutteiing from the standpoint of heredity 

As a result of extensive reseat ch in the Iowa laboratories, Travis 
(9) lias come to believe that stuttering is a temporary, lecuiient 
reduction in dynastic conti ol of superjacent levels over their sub- 
structures, causing a general disetjuilibnum of orientation potentials 
within the nervous system The stuttcrei lacks, according to the 
theory of cerebral dominance, a dominant giadient of excitation of 
sufficient potency and complexity to integiate the bdateial structures 

‘Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 21, 1935 
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used for speech. Tins dominant gradient in noimal speakeis is be- 
lieved to be resident, at the time of the execution of the speech, in 
one cerebral hemisphere. Lacking this higher type of nervous inte- 
gration, as the stutterer appears to do, it is difficult and often im- 
possible for him to speak in a noimal, smooth flowing lhythm. 

Because handedness has been considered a major sign of brmned- 
ncss (left or light), there appears to be a good deal of confusion m 
tile literature as to the relationship between handedness and stutter- 
ing. 

This paper attempts to clanfy the pioblem, and by indicating 
the data found on 700 clinical stuttering patients, we hope to arouse 
an mteicst among medical men in the pioblem of stutteung from a 
poult of view which seems to offer a fertile field for investigation 
Before presenting the charts which indicate a relationship between 
left-handedness and stuttering, we should like paitially to clarify the 
existing confusion in the matter of handedness 

Supporting one point of view are those who say that handedness 
is puiely a mattei of training, and who contend that it makes neither 
a psychological nor a neurological difference in a child to make him 
either a right-handed or a left-handed individual 

Opposed to this belief me those who say that undei no circum- 
stances should the native handedness of a child be disturbed. They 
say that it is as natural to be left-handed as it is to be tall, fat, or 
blue-eyed, and that to change such a deeply-mgrained characteristic 
is a serious matter. In doing tins, they say, one alters basic neuro- 
physiological processes inheient in the nervous system. 

The conflict of opinion, we believe, is due to diffeient ways of 
looking at the problem The study of the problem has been ap- 
proached with widely differing techniques and, in many instances, 
searchers in this field have not even been talking about the same 
thing 

Yet it is tiue that the piactical significance of the pioblem must 
still be considered All of us are aware of the fact that theie are 
both right-handed and left-handed people, We have observed that 
the former aie in the decided majonty It is intei esting to note, 
however, that at biith the right-handed majonty is much less than 
we formerly believed it to be. In a recent smvey of four thousand 
students in a university population (2), we find that when one in- 
cludes the shifted individuals, the present left-handers and the am- 
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bidextrous, the peicentage of native left-handers uses to 25 Former 
studies report that left-handed people constitute from four to six per 
cent of the population. This would probably hold true if one de- 
sired to know only the number who have remained left-handed from 
birth. 

The left-handed problem has been a serious one for parents who 
have thought of it in terms of educational methods, particularly 
those concerned with writing and drawing Knowing that many 
teachers firmly believe that their first task is to shift a left-handed 
child, parents who share in this belief often perform this task for 
the teacher. They speak of the process as one of “breaking” the 
child The reasons most frequently given for this “shifting” proce- 
dure aie latliei superficial. A common reason given is that to be 
left-handed is a sin, and that a left-handed person is always viewed 
with distrust and suspicion. Others think that left-handed awkward- 
ness in a right-handed world is inexcusable, and still others think 
that it is rude for a left-handed neighbor to poke one in the ribs at 
a dinner tabic. And ceitainly, some say, a cultured individual will 
never deal cards with the left hand. The most sensible reason I 
have yet heard is that given by a primary grade teacher when she 
was asked, “Why did you shift John to the right' 1 '' The reply was, 
,{ I did not know how to teach him left-handed writing.” 

Handedness, in and of itself, is not of fundamental importance 
It is merely a sign of a deeper neivous arrangement and, like many 
signs, has led numerous workers astray In other words, the hand 
does not always indicate the true situation. Our most important 
concern is that of sided ness By sidedness we mean that one side 
functions spontaneously m preference to the other in unpremedi- 
tated acts, and that it does so with greater facility and precision We 
think of the hand as one of the many symptoms of this stdedness 
There is also a native neurological choice in the foot which one uses 
in kicking, and when only one eye can be focused upon an object, we 
unconsciously choose the natively preferred eye There are many 
other signs of native sidedness, but these three are the most im- 
portant It is also interesting to note that these signs do not always 
agree One can be right-handed and left-eyed, right-eyed and left- 
footed. In most of us, however, there is a great consistency indi- 
cating a definite sidedness. Travis (9) says, “One-sidedness is 
largely a matter of growth, of differentiation, attendant upon an 
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inherent process, which in turn is dependent upon stimulation of the 
sense organs by patterns of stimuli ” Thus we see that, like nearly 
all human characteristics, sidedness is both inherited and acquired 

We are of the opinion that workers have previously attached too 
much importance to the symptoms of sidedness and too little im- 
portance to what may lie beyond those symptoms. Following is a 
conciete example of this previously asserted fact, namely, that the 
signs do not indicate the true situation, A boy eighteen years of age 
had a hemorrhage of the right brain and subsequent paralysis on the 
left side. It seemed queer to some of us that he did not suffer any 
disturbance in his speech, because we thought that he had been left- 
handed The facts were that he did write with Ins left hand, but 
that he had learned to do so when he broke his right arm at the 
age of six Upon recovery, he went back to the right hand for all 
motor acts except writing. In other words, he was xeally right- 
sided from the standpoint of heredity, but he had been classed as a 
left-hander because he wrote with his left hand In this case the 
establishing of the writing function did not seem to make any sig- 
nificant change in his native dominance for speech, which was 
located in the left cerebral hemisphere Had the lesion occurred in 
the left brain, we could reasonably have expected a speech dis- 
turbance, as he was essentially a left-brained individual 

Furthermore, sidedness represents umlaterality of nervous or- 
ganization. The organization on one side of the nervous system, 
according to Travis’ researches (8), is dominant over that of the 
other. Sidedness, then, is a sign of this unilateral organization, and 
eyedness, footedness, and handedness aie, in turn, signs of this one- 
sidedness. 

Thus we see that these common signs of sidedness which we talk 
about are quite removed from the real situation. This fact, we 
believe, accounts for the many conflicting opinions and findings on 
the relationship of so-called handedness and various types of dis- 
abilities, 

Foitunately, the majority of people appear to have a deep-seated 
constitutional bias for a dominant motor lead in all acts of any com- 
plexity. This bias for unilaterality, we feel, is caused by develop- 
mental factors of hciedity This is not the place to discuss the in- 
heritance of left-sidedness, but we may say that the ‘studies which 
have been made at the University of Minnesota seem to indicate that 
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left-handedness rs a scK-hmitcd chaiacUmtic (3) It }S most often 
tiansmitted from the male thiough the female and back to the male 
When it occurs in a light-handed stock, ft can probably be considered 
a recessive characteristic. It is intei esting to note that there are 
50 per cent moie left-handers among the males than there are among 
the females (4) 

There is no doubt that appropriate training can assist or hmdei 
a natural bias which has alieady embedded itself in the nervous 
system. The shifting of handedness is still a common practice among 
patents and teaclicis Tins process, it is believed by many, may 
alter the general nsynunetiy which is responsible foi the dominance of 
the light cerebral hemisphere Or, m the case of a partial shift to 
the light, one may have vasculai symmetiy, which can furnish a 
physical basis foi a lack of dominance in either one of the cerebral 
hemispheres 

We must not foi get that the term left-handedness includes all 
degiees fiom a condition of inveterate left-handedness through an 
approximately equal degree of both right- and left-handedness,. which 
training can effect in eithci diiection, to a degree of right-handed- 
ness which is completely lcfiactory to alteiation by training 

A lack of definite one-sidedness is a veiy serious condition For 
many decades it has been common knowledge that uniting, reading, 
and speaking have unilateral lead repiesentation. Any factor, then, 
which operates against the establishment of one-sided dominance, 
tends to inteifere with normal establishment and development of 
those functions. In a sense, one cannot blame the teacher for what 
is often a criminal treatment of children m this matter of shifting, 
because many leading psychologists and educators, and, I dare say, 
some speech pathologists, are still telling people that there can be no 
possible harm in intei fering with the native sidedness of either 
young children or adults Unquestionably, a few individuals effect 
a shift without any obscivablc sign of disorientation, but we feci that 
in the majoiity of cases there is some resultant n regularity of neivous 
function 

Just what do we believe takes place in a shift? The studies of 
Child (5), CoghiLl (6), Hcnick (7), and others have indicated the 
fact that maturation and growth is the basic factor of behavior 
We think of growth as being laigely a process of differentiation, and 
of onc-sidedness as a good criterion of this growth process If this 
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giowth process is retaided by working against the natural develop- 
ment of the child, we believe that he is either maikedly delayed in 
becoming, or that he never becomes, one-sided, with the lesult that 
those functions which aie known to be strictly dependent upon a 
one-sided nervous organization are either delayed in developing, or 
may never develop, m a normal way In othci words, we feel that 
the best guarantee for noimal reading, writing, and speaking is one- 
sidedness, and that tampering with a child’s natural neuiological 
expression is a dangerous proceduie We recommend to parents and 
tcacheis that they give every child complete freedom to express spon- 
taneously a preference for one side in motor activities Dr Ward 
once said, “He who attempts to make natuie deviate from her nor- 
mal physiologic processes may accomplish his immediate object, but 
it is very apt to be an exorbitant price ” 

When facts arc at the basis of one’s beliefs, one maintains that 
belief until new facts warrant a change. Fifty years from now other 
facts will undoubtedly foice us to modify our opinions regaidmg the 
relationship between handedness and various disabilities But for 
the present, we aie satisfied that this pioblcm is of sufficient 1 m- 
poitance to warrant continued research We are still openminded 
as to the possibility that stuttering is an inherited mechanism, but 
until our current research is completed, wc are inclined to maintain 
the present point of view The findings on 700 clinic cases of stut- 
tering are here presented We are now engaged m a similar study 
of several hundred child len who do not stutter, in an attempt to learn 
the percentage of shifts in the individuals, the peicentage of left- 
handed histories, and the percentage of stutteung in the families 
If these percentages run as high as the ones here presented, obvi- 
ously our interpretations will have to be alteied We shall also 
know more about this important pioblem after a few generations 
have practiced a latssez-frw e policy in regard to shifting There 
is the possibility that the reason we now find so few left-handed 
stutterers is that the}' have all been shifted to the right. There is 
now some indication that parents and teachers in the future are going 
to allow children freedom in the expression of side preference This, 
of course, is due to the fact that we have been able, particularly in 
the middle west, to build up quite a defense for the left-handed child, 
and are now able to teach the Icit-handcr a good legible script in 
normal dextrad fashion, and to provide him with chairs, desks, scis- 
sors, pencil sharpeners, etc , suitable for left-handed manipulation 
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The data given in Tables 1 and 2 have been gathered by the inter- 
view and clinical methods In most instances, the parents of these 
cases have been questioned as to the facts about the patient, and as 
to his stuttering and left-handed relatives 

Laterality Questionnaire 

The following 20 items were used in determining the degree of handed- 
ness ns expressed m a clinical situation. The questionnaires were scored 
according to the formula' 

R + El 2 

Laterality Index = 

A' 

fe and E equal the number of items answered "Right” and “Either,” re- 
spectively, and N equals the total number of items encircled An indi- 
vidual who encircled all the R’s would have an index of 1 00, while one who 
encircled all the L’s would have an index of 0 00 An index of 0 00 to 29 
was considered left-liandcd, from 30 to ,79 ambidextrous, and fiotn 80 to 
l 00 right-handed, 


1 

From which shoulder do you swing a baseball bat?, 

R 

L 

E 

2 

From which side da you swing a golf club?, 

R 

L 

E 

3 

Winch hand drives a billiard cue? 

R 

L 

E 

4 

Which hand swings a tennis racquet? 

R 

L 

E 

5 

Which hand throws a ball?. 

R 

L 

E 

6 

With which foot do you kick a football? 

R 

L 

E 

7 

Which hand uses a saw? . 

R 

L 

E 

8 

Which hand uses a hammer?. 

R 

L 

E 

9 

Which hand uses a ean-openet? , 

Which hand uses a screw driver?, , 

R 

L 

E 

10 

R 

L 

B 

It 

Which hand uses (he scissors (she.ua) ? 

R 

L 

Er 

12 

Which hand uses the tooth brush? 

R 

l 

E 

13 

Which hand holds the knife m sharpening a pencil? 
Which hand uses the needle in sewing? . . 

R 

t 

E 

14 

R 

L 

E 

IS. 

Which hand cuts with the knife when eating? ■ , 

, ,R 

L 

E 

16, 

Which hand spreads butter on bread ? , 

R 

L 

E 

17, 

Which hand winds a watch? , . , 

R 

L 

E 

18. 

Which hand dejds the cards t , , 

R 

L 

E 

19, 

Which hand draws pictures? 

R 

L 

E 

20 

Which hand do you use for writing? 

R 

L 

E 


The ages of the stutterers range from four to 42 years, 
and the majority weie between nine and 16 years of age. In 
a number of instances, not ail of the facts gathered here were ob- 
tained in one conference, for much of the data was secured from 
nurses, maids, grandmothers, and teachers who had had charge of 
the child m his early years This was often necessitated because 
frequently the parents, and often adult cases themselves, did not 
know the facts of early sidedjiess, and consequently one had to seek 
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TABLE 1 

Male SrurTERrR.5 (463) 



(HI) 

16 yrs 

(240) 

9-16 yrs. 

(82) 
4-8 yrs 

Stutterers in family* 

70 67% 

69 46f% 

77,46% 

Left handed in family** 

S2 03 

78 12 

90 54 

Shitted*** 

61 24 

67 44 

66 66 

Handedness on entrance T 

Right 

32 63 

32 91 

54 87 

Left 

2,12 

83 

0 

Ambi 

65 24 

66 25 

45.12 

Lyedness | 

Right * 

31 00 

28 24 

3 65 

Left. 

66 66 

62 96 

90 24 

Ampin* 

2 33 

8 79 

6.09 

S, writingff 

Mirror* 

69 23 

92 14 

5915 

Neg 

30 76 

7,85 

40 84 

Age of onset 

2-4 yrs 

55 31 

16 66 

24,39 

5-7 yrs 

33 33 

75 00 

73 17 

After 8 yrs 

11,35 

8 33 

2 43 

Disabilities of shifts § 

(79) 

(145) 

(46) 

Reading 

59 49 

34 48 

19 56 

Spelling 

12 65 

11 03 

30 43 

Writing 

13 92 

8 27 

17 39 

Articulation; 0 10 34 

Recommendations for therapy relative to sidedness in motor acts 
(Total of male stutteiers, 463) 

Shifted to left— 337 72 78% 

Shifted to right — 2 43% 

Tie-up with right — 121 26 16,% 

Tie-up with left — 3 62% 

0 

*This refers to relatives of 

the patients 

studied These data 

include 


parents, grandparents, brothers, sisters, aunts, uncles, and cousins on botli 
sides of the family. These high percentages may lead us to consider that 
stuttering is bred out of stuttering stock, 

**This history refers to the relatives of the patients in the same way as 
that described for the history of stuttering in the family, going as far hack 
into the relationships as the patient or his parents can recall 

***This history revealed the fact that the patient, either as a child or at 
the beginning of his school life, had been influenced by parent, nurse, grand- 
mothei, maid, or teacher to develop motor skills with the (by nature) 
non-preferred side. Sometimes this attention was given the child from the be- 
ginning of his use of spoon in the high chair In other cases the shifting 
was introduced at the tune of learning the writing skill in school In a few 
cases accidents to the naturally dominant side had shifted the hand and 
a portion of the speech function to the non-dominant cerebral hemisphere 
Again, others had been forced, through injury to the natuial hand or arm, 
to shift their handedness In the great majority of cases the shifting refers 
to the interferences with the natural U9e of the left hand 
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information from i datives, baby pictuics, etc Sometimes it is not 
until the child is cuied that the mother confesses to a shift in the 
child. Indeed, much prejudice has to be overcome before the truth is 
found, so it is seldom an easy task to secure the information concern- 
ing early sided ness history. Wc also feel that in the cases «i which 
no positive information is revealed, theie is a possibility that the 
native suledness of the child could have been inteifeied with hefoie 
he was old enough to have his handedness adequately observed. We 
refci to the relation of thumb-sucking to the dominant mheiited 


tThis has reference to the hand prcfeicncc of the patient when he was 
first seen in the clinic The high percentage of ambidexterity indicates that 
many of this pathological group tycie decidedly at a “mixed dominance” 
both in the peripheial and in the central mechanism The criterion of 
handedness used was n lateiality index: computed from a questicinnane of 
twenty items involving unimanunl activities 
^When there is no injury to either eye, the majority of us have a natmal 
choice for a sighting eye. In these case*) the two testa used to determine 
the dominant eye were the Parsons’ manuscope and the “hole in paper” 
tc'it The latter test is a simple one, but quite accurate. Tins patient 
is asked to hold an eight-by-ten pa pci with both hands and look through 
the boie in the center of the paper, at the observe! ’s nose with both eyes 
open The eye which the observer sees is the preferied sighting eye, pro- 
vided there has been no injury to the other eye Ten tuals at vaiying dis- 
tances are taken If there are five light leads and five left leads, the 
patient is considered nmphiocular, (amphi-) meaning that theic is no 
established eye dominance. 

tfThe patient n asked to take a piece of chalk in both hands and assume 
a writing position at the board The examiner says, "I am going to give 
you a letter or a figure and I want you to write it with both hands at the 
scime time. Writ? it immediately upon hearing the letter or figure nnd do 
not think about it Keep your eyes closed during this test" 

There are four possibilities in the direction of both hands in this test 


1 — * " — ~ ' — > smisfro-dextrad, dcxtfO-dcxtiMd, 

2 < » smistro-sinistrad, dextro-dextrad 

3, > < simstio-dextrad, dextro-simstrad 

4 $ « sinistro-sinigtrad, dextro-slnisti ad 

Number one is the mo^t common response in normal right-handed speakers 
Two, three.^ and four are recorded as minoied writing with one or both 
hands, “Mirror,” in Figures 1, 2, 3 means that either 2, 3, oi + was the 
response in these cases “Neg " refers to the fact that no mirror writing 
was recorded, 


^Thi9 refers to the year when the stuttering was first noticed by the 
parents oi teachers It is interesting to note that 55 per cent of the cases in 
the 16 years-and-over male group began stuttering practically with their 
first utterance, and 73 pel cent of the 16 years-and-over female group 
began stuttering before the age of four 

§In addition to the stuttering, the cusps whole history indicated a shift 
of handedness also had disabilities in either reading, spelling, writing, or 
articulation 
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suledness pattern In the out-patient speech clinic of the University 
Hospital, we have seen many cases in which the etiology’ of stuttcung 
speech from the beginning lay in the fact of retarding native sidcd- 
ness and subsequent speech development by tying the thumb-sucking 
hand One mother confessed to the act of keeping her child’s left 
arm cuffed foi six months for feai it would be left-handed if allowed 
to use both. JVtany mothers fear tins because they do not know that 
the majority of childicn are ambidextrous until about the eleventh 
month. 

In closing, we should like to call your particular attention to a 
few data winch seem interesting m that the stuttereis tend to fall 
into left-handed groups. Fourier studies have pointed out that 
stutterers are not as often like right-handed peisons in many types 
of behavior as they are like tile left-handed individuals. 


TABLE 2 

Female Stutterers (237) 



(89) 

16 yis 

(37) 

9-16 yrs 

(61) 
4-8 yrs 

Stutterers in family 

90 90% 

68 75% 

86 04% 

Left handed in family 

89 15 

81 57 

82 75 

Shifted 

95,00 

83 33 

8+49 

Handedness on enhance. 

Right., 

77 52 

17 24 

19 67 

Left 

1,12 

0 

0 

Ambi , 

21 35 

82 75 

SO 32 

Eyednesa 

Right 

11 23 

69 04 

68 85 

Left 

77 52 

7 14 

13 11 

Amp hi 

11 24 

23 SO 

IS 03 

S writing 

Mirror • 

78 65 

83 58 

90 19 

Neg 

21 34 

16 41 

9 80 

Age of onset 

2-4 yrs 

73 70 

45 97 

65 57 

5-7 vrs 

15 73 

40 22 

24 59 

After S yrs 

10 56 

13 79 

9 S3 

Disabilities of shifts 

Reading 

(76) 

2 63 

(65) 

20 00 

(49) 

26 53 

Spelling 

1 31 

0 

26 53 

Writing 

1 31 

4 61 

0 

Aiticulation 

1 31 

6 15 

18 36 

Recommendations for thempy relative to sidedness in motoi acts 
(Total ot female stutterers, 237) 

Shifted to left— -182 76 79% 


Shifted to right — -0 

Tie-up with right— 

-55 

23 20% 


Tie-up with left — 0 
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1. 57 34% of this group of ?00 were Jeft-cyed (Table 3). The 
normal right-handed people have been found to have 25% left- 
cycdness 

2. 10 28% were amphiocular (Table 3)— twice as many as in 
the normal population. 

3. 61 14% Weic ambidextrous (Table 3) The normal popula- 
tion reveals only 5%. 

4. 80.13% wrote mirror script (Table 3). The highest per- 
centage found in oui university population is 15%. 

5 In the shifted cases, there is a rather high percentage of read- 
ing, spelling, writing, and articulatory disabilities, in addition to 
the stuttering which they manifested In another study of 107 
right-handed stutterers not quite ready for publication, we found 
that 50% of them had reading, spelling, and writing disabilities, 
while in 3000 right-handed normal cases with a negative history 
iti stuttering, and left-handedness history in both the individuals 
and in the families, only 26% had difficulty in reading, spelling, or 
Writing. 

Finally, may we also state that it has not been the practice of 
those of us who are treating stuttering from the cerebral dominance 
point of view to shift 1 all stutterers to the left This opinion has 
teen expressed quite frequently in the literature, and the enticism 
is unjust, In the first 162 cases which were reported in the Journal 
of Expression for March, 1931 (9), we shifted only 55% and tied- 
up a 45% with the right side. The results in therapy were both very 

‘"Shifts” in the recommendations for therapy refer to those right-handed 
or ambidextrous stutterers who, on the basis of histori.es and diagnostic testa, 
were shifted to the left side of the body (peripheral) in all motor acta, 
and the right side of the central mechanism in all motor leads This means 
that ail right-handed activities were to be eliminated, and all ambidextrous 
acts, such as typewriting and piano playing, were advised against Any 
ambidextrous activities tend to exercise both cerebral hemispheres in lead 
control, and this condition in itself only furthers the lack of dominance of 
one side of the brain 

When the diagnosis indicates a shift to the right, the same procedure 
is inferred for the right side 

^‘Tie-ups 1 ’ refer to those patients to whom ue did not recommend a shift 
from their present handedness, but who were required to become more 
consistently nghl-sided, (or to some cases more left-sided), and to asso- 
ciate speech with writing. This means that the stutterer makes use of the 
margin of dominance which he already possesses, and attempts to increase 
that margin so that it will be of sufficient potency to integrate the mechanism 
for speech, If the stutterer had any left-handed activities, he was advised 
to eliminate them, and to 9tress entirely the leads from the right side of 
the body 
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satisfactory. In this group of 700 clinical cases (Table 3), the 
diagnosis indicated 74 14% or 5 19 cases as shifts to the left, .28% 
shift to the right, 25 14% or 176 cases tie-up with the right, 42% 
tie-up with the left It is important to remember that the diagnosis 
in cerebral dominance is made primarily on the fact of sidedness and 
not on the fact of handedness If you have followed the first part 
of this paper correctly, there should be no misundci standing con- 
cerning the tables 
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LE COTE COMME FACTEUR ETIOLOGIGUE DANS LE 
BfiGAYEMENT 
(R6sum£) 

On a &t«di£ clmiqueincnt a I’Umversitd du Minnesota 463 begayems et 
237 bfgayeuses. 

La main et le cote sont deux f acteurs di Barents quand da se rapportent 
au processus de la parole Un begayeur droitier se montre ordinairement 
dans les tests cliniques de cot6 un individu gaucher dont l’usage de naissance 
deja main s’est alt£r£. Le c6te est une organisation neurologique ccntrale 
qui depend de la souche hereditaire, Le cotd peut etre le resultat de 
l’entrainement penpWrique qui ne reprdsente pas l'organiaation neurale de 
naissance dans le cerveau 

Le begayenrs viennent non seulement d'une souche b£gayense cn 75% 
des cas, mais la gaucherie dans lq souche famihale tie 700 begayeura a iti 
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jndiqufo en 83% deg cas 73% des 700 b£gayeur«j etudes onb ite origin- 
airement gauclicrs et de cote gauche Us avaient et6 partiellement ou 
completement changes par 1’ interposition du milieu 
Les donnecs semblent montrer le f nit qu’un b£gayeur poascde unc domi- 
nance neuro-physiologique inclang£e, A cause de l’egaht6 du deYcloppeinent 
des deux hemispheres du cerveau, m I’hemispherc droit m Ip gauche ne 
peuvent mhibcr les mveaux interims de l’activitd neurale de se charger 
des structuiea du milieu, innervdes bi later a lenient, mises en paires, employees 
dans la parole En plusieurs cas, la fonction appel6c begayement oil 
hfllhutiement peut etre le resultat d’un desequilibre neurologique cause par 
Interposition pcriph^riquc nvec I’uaage de la main L’usage de naissflnce 
du cot6, croit-on, devrait etre une consideration jmportante dans !e diag- 
nostic et la therapie des bdgaycurs 

Brynqelson 


SEITIGKEIT ALS EIN URS ACHEN FAKTOR BEIM STOTTERN 

(Referat) 

463 Stottei er und 237 Stottcrinnen wurden in der Umversifcatsklimk von 
Minnesota untersncht 

Ilandenvorherrschung und Seitigkcit sind zwei verschiedcne Fnktoren, 
vvenil sie sich nuf den Sprachprozess beziehen Ejji rechthandjger Stotterer 
ist gewohnlich nach khmschen Seitigkeitsversuchen cm linkhandigea Indi- 
viduum, dem die angeboienen Ilandengebilde verandert worden sind 
Seitigkeit ist erne zentral-neurologische Organisation, die von der Vcrerbung 
abhangt Handigkcit kann die Folge einer pcriphemchen tthung seln, die 
der angeborenen Nervenorgamsation des Gehirn9 nicht entspricht, 

Stotterer entstammen nicht nur Stottercrfnmilien in 75'% der Falle, son- 
dern Linkseitigkeit m den Famtltcn von 700 Stotterern wurde in S 3% der 
Falle nachgewiesen 73% der 700 Stottei cr waren ursprnnghch linkhandig 
und linkgeitig Sie baben 9ich teds oder ganz durch U/nwelteinmischung 
geandert. 

Die Doten scheinen darauf hinzuwcisen, class ein Stotterer eine gemischte 
nervenphysiologische Vorherrachung besitzt Wcgcn der Gleichheit der 
Entwicklung beider Hnnhemispharen ist weder die rechte noch die linke 
Hemisphare imstande, die medngeren Schichten der Nerventatigkeit davor 
zu hemmen, dass sie zur Vorhcrrschung liber die zweiseitig gepaarte 
Mitteliiniennervenstmkturcn erlange, die heim Sprechen gebraucht werden, 
Bel vielen Fallen kann die als Stottein oder Stammeln bcknnnte Funktiort 
die Folge einer Nervenungleichheit sein, die durch den peripherischert 
Widerstreit mit der Ilandigkeit entstcht Angeborene Seitigkeit, wie all- 
gem cm angenommen wud, solltc von vvichtigem BeJang in der Diagnose und 
Therapie der Stotterer sem 


Brynoelson 



WHOLE AND PART LEARNING OF A VISUALLY 
PERCEIVED MAZE* 

From the Department of Psychology, Acadia University, ff'olfville, Nova 

Scotia 


T W, Cook, S. H Morrison, and C L. Stacey 

A survey of the conditions governing’ the relative efficiency of 
whole and part learning lends McGeoch to the conclusion that 
“experimental data, at the ptebent time, do not justify any generaliza- 
tion regarding the specific or mutual effect of these factors” (8) It 
would seem that the intei relationships between the various factors 
effective in whole and part learning should be made the subject of a 
comprehensive piogrnm of research. 

In our opinion some progress in disentangling the factors m any 
psychological problem may be made through study of the relation 
of general theories of the learning process to the data already 
gathcied Following this plan Cook has made certain deductions 
from McDougalPs two-factor theory of learning regarding the Con- 
ditions affecting the relative economy of massed and distributed 
piactice (2). The present investigation is an initial experimental 
test of Cook’s hypothesis of a differential action of “insight” and 
“fixing” on the relation between whole-part learning and complexity 
of problem, with massed practice. 

The assumptions of Cook’s theory, as far as they affect the present 
investigation, are that with simple mazes the chief factor in the 
change from incorrect to correct choices is a comprehension of the 
position of individual errors in the total maze pattern. With in- 
creasing complexity, howevei, deletion of errors by “insight” plays 
less and less pait in the total learning If his conclusions are cor- 
rect, the relative economy of whole and part methods in maze learn- 
ing should be to some extent a function of the size of the maze pat- 
tern. It also follows that the most economical unit for maze learn- 
ing should be that amount of material whose total pattern ( foi sub- 
jects of any given level of ability and training) can be most readily 
grasped in a single trial Breaking such a unit mto smaller “parts,” 

"Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, November 23, 1934* 
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as well as using parts of a size too great to admit easy compi ehension 
as a whole, should condition a decline in the relative efficiency of part 
as compared with whole learning (2, pp 340-341 )/ 

The apparatus used m our investigation was a maze of the 
Shepard type, adapted for human subjects who are not blindfolded 
This maze, which has been described elsewhere (Morrison and 
Cook, 9), has the following characteristics which proved of advan- 
tage in the present connection ( 1 ) The stops are concealed and 
the subject can see the general plan of the top of the maze, as well 
as his own movement patterns while tracing. This seemed likely 
to avoid waste in combining the parts after each had been learned 
separately. (2) The units are exactly alike — a necessary basis for 
comparing patterns of different length. (3) Any number of com- 
parable patterns can be constructed The stylus used in tiacing the 
maze was a j4-in copper tube 9 ins long. The tube was bent at 
right angles 1^4 ms fiom one end, while the other end was taped 
for gripping with the hand. To the shorter (lj^-ins) projection 
was soldered a short steel rod 1/16 in. in diameter, ending in a coin- 
shaped metal tip ^4 in. in diameter and 3/16 in. thick. 

The investigation consisted in a compaiison of the relative economy 
of whole and part learning foi two complexities ot material. The 
size of maze pattern was determined by the number of units of 
“true” path, a distance coi responding to one side of a block being 
taken as a unit. Thus the maze patterns learned in Experiment I 
(Figure 1) have 12 units of tine path in each pattern The neces- 
sity for a choice of paths at the end on each “unit” made it advisable 
to take the number of units lather than the number of turns in 
the true path as our measure of size of pattern. Since there are 
two incorrect routes at the end of each unit, the number of culs-de- 
sac (24 in Maze I and Maze II) is always double the number of 
units of trute path. It is of course not assumed that mazes are of 
equal difficulty because they have an equal number of units Analy- 
sis along the lines indicated by Hull (7) must be cairied out before 
maze patterns can be equated for difficulty prior to actual test. It 

*A corollary to Cook's assumptions would be that plotting difficulty of 
learning against size of maze pattern should give a curve with initial 
positive acceleration followed by negative acceleration, ending in very 
slight negative acceleration or a straight line There are indications in 
Scott and Henninger's results that the empirical data (12, Figures 1 to 4) fol- 
low the assumptions of Cook’s theory. 



220 


T. W COOK, S H MORRISON, AND C, L. STACEY 


will be noted that there are nevei more than two units of “straight 
ahead’’ distance in any part of the true path in the four mazes The 
object of this feature of the pattern is to avoid over-simplification of 
the 6-unit parts of the 12-umfc mazes. 

The distinction between the part and the whole methods in all 
three of our experiments was that in the whole method the total 
maze pattern was traced on each trial, while in the part method 
each “half” of the pattern was learned separately, after which the 
two paits were traced togethei as in the whole method. The criteiion 
of learning was three erroiless trials. There are certain obvious 
advantages for our purposes in dividing the total pattern into two 
parts mthci than the customaiy four The two-part division (1) les- 
sens the amount of work needed for investigation of tile relation of 
complexity of matenal to the whole-pait problem, and thus permits 
study of a widei range of matenal in the time available, (2) gieatly 
simplifies the conditions and thereby aids isolation of the significant 
factors, and (3) combines the pure part and combination part 
methods. In fact, the two-part rather than the four-pm t division 
seems to us the logical approach to the problem of whole-part team- 
ing. 

The maze patterns were drawn on graph pajier and the maze 
prepared befoie each experiment by the senior author At the be- 
ginning of a sitting the maze was placed on a table with its upper 
surface waist-high to the subject as he sat on a chair. The longer 
sides of the rectangular maze were paiallel to the plane of the sub- 
ject's shoulders and the staiting point of each pattern was diiectly 
in front of and on the side of the maze nearest the subject, as shown 
by the arrows in Figure 1 The distance between the subject and 
the maze was adjusted to his length of arm. To prevent a subject 
from attempting to keep his orientation between trials by holding 
ins gaze fixed on the end of the correct path, a black cloth was 
hung by loops from a wooden rod supported by a frame placed at 
right angles to the subject’s line of legard, and about half-way be- 
tween tlie subject and the maze The cui tain was pushed aside by 
sliding the loops along the rod before beginning each trial, and 
pulled back in position as soon as a trial was completed, 

Two experimenters were present during each session One timed 
the duration of each trial and the interval between tuah, starting 
one and stopping another stop-clock at each change fiom work to 
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rest and lest to ivoik. The other expeumentei counted and re- 
corded the errois, and replaced the stylus at the starting point during 
the interval between each tiial. All subjects wcie students at Acadia 
Univeisity, chiefly sophomores and juniors fiom the prescribed 
course in elementary psychology. 

Experiment I 

Two maze patterns (Figure 1) consisting of 12 units of true 
path and with 2+ blind alleys in each pattern comprised the sub- 
ject's task m Experiment I Gioup A (6 women, 9 men) learned 
Maze I by the part method and Maze II by the whole method 
Group B (6 women, 9 men) learned Maze I by the whole method 
and Maze II by the part method Maze I was always learned first 
and Maze II second. The whole and pait procedures were thus 
equated for gioup and maze diffciences and for amount of practice 
At the beginning of the experiment the following typewritten in- 
structions were presented to each subject. 

You are to trace t\yo mazes The cine will be learned as a 
whole, the other in two parts After both parts are learned you 
will trace that maze as a whole, 

The instructions were repeated and emphasized verbally, and facility 
in the use of the stylus and curtain, as well as familiarity with the 
general nature of the maze pioblem, were gained by tiacing a small 
practice maze Since the “end” of a maze pattern was in every 
case at least 5 blocks from any side of the total maze, and there 
were no visual cues to indicate wheie the pattern ended, the experi- 
menter said “stop” as soon as the subject had finished tracing the 
correct path This path was defined for the expenmentei by small 
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marks on the side of the blocks farthest from and thus not visible 
to the subject Each subject learned Maze I and two minutes after- 
wards Maze II. Fifteen seconds elapsed between each trial and 
the next, but practice was “massed* ’ in the sense that a maze was 
learned in a single sitting 

The results appear in Table 1 and indicate a superiority of the 
part method over the whole method of 34 per cent in errors and 
20 per cent in time The average number of trials is about the 
same in the two methods. The probable error of the difference 

TABLE 1 

TwULVE-UNIT M'lzss EtPEKiMFHT 1 



Errors 

Time 

Trials 

WhoJe method 

102 5 

310.0 see 

192 

Part method 

76 5 

255 0 see. 

19 8 

Percentage of adv. of 

34% 

20% 

—2% 

port over whole 

Difference 

26,0 

55 0 

— 6 

P ® iH/f 

7 67 

24 0 



between the number of errors in the part and whole methods is 7.67 
This difference is 3.4 times its probable error, which indicates 99 
chances in 100 that the true difference is greater than zero The 
difference between the average time required for the part and whole 
method is 55 seconds, with a probable error of 24 The difference 
is 2.3 times its probable error, signifying 94 chances in 100 that 
the true difference is greater than zero. 

Experiment II 

The procedure in Experiment II was similar to that in Experi- 
ment I, except that the mazes (III and IV) were twice as large 
as Maze I and Maze II, i.e., composed of 24 units of true path 
and 48 culs-d e-sac The 30 subjects who took part in the present 
experiment had no previous experience in maze learning Group C 
(6 women, 9 men) learned Maze III by the part method and 
Maze IV by the whole method Group D (6 women, 9 men) 
learned Maze III by the whole method and Maze IV by the part 
method. Maze III was always presented first and Maze IV second. 
On account of the increased difficulty of the larger patterns, the 
mazes were learned on successive days rather than dunng the same 
session as in Experiment I 
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TABLE 2 

Twenty-Four Unit Mazes Experiment II 



Errors 

Time 

Trials 

Whole method 

431 

I 1+3 sec 

38 4- 

Part method 

347 

1120 sec 

43 6 

Percentage of adv of 
part over whole 

21 

2 

—14 


Table 2, winch gives the results for Experiment If, should be 
read as follows Groups C and Z) learned Mazes III and IV by 
the whole method with an average of 431 errors, 1143 seconds, and 
38,4 trials, by the pait method with an aveiage of 347 errors, 1120 
seconds, and 43.6 trials The differences between the part and 
whole methods are not statistically tellable, but the data have sig- 
nificance when taken in conjunction with the results of Experiment 
I and Experiment III 


Experiment III 

The only difference in pioceduie between Expeiimcnt II and 
Expenment III was that the subj'ects who assisted in the former 
were “unpracticcd,” while the subjects used in the latter (Experi- 
ment III) had previously acted as reagents m Expeiunent L Since 
two of the women subjects serving in Expenment I weie not avail- 
able for the later work, each group in Expenment III was made 
up of 5 women and 9 men. Group AB (composed of individuals 
fiom Gioup A and Gioup B) learned Maze III by the pait method 
and Maze IV by the whole method. Group BA learned Maze III 
by the whole method and Maze IV by the part method 


TABLE 3 

Twenty-Four Unit Mazes Experiment III 



Errors 

Tune 

Trials 

Whole method 

3(58 

1005 sec 

34,3 

Part method 

257 

816 sec 

34.2 

Percentage of adv, of 
part over whole 

43 

23 


Difference 

113 

189 sec 



33.24 

85.2 



The results presented in Table 3 should be read as follows 
Groups AB and BA learned Mazes III and IV by the whole method 






226 


r w. cook, s, h. morrison, and c. l. stacey 


Paif Methods in Trials, in Tune, and in Eirots In all three of our 
experiments the part method is mailcedly superior in number of 
errors and less superior in total time, while for trials the whole 
method is slightly more efficient m two of the three experiments. In 
attempting to find the significance of this trend we need only con- 
sider errors and trials, since in all three experiments the time records 
are intermediate between eirors and trials m relative economy of the 
whole and part methods, and conditions differentiating between the 
other two measures bear in an intermediate fashion on time. One 
cxplanatoiy factor is inheient in the experimental method The 
thiec errorless trials required to satisfy the criterion of learning each 
part are included in our computation of total trials foi the part 
method. However, this method of treating the data cannot be of 
crucial importance, since the subtraction of three trials from the 
total for the part method would in no case appreciably affect the 
relative economy of the whole and part methods in trials as com- 
pared with errors. A second condition seems of more significance. 
The difficulty encountered in putting the parts togethei bears much 
more heavily on trials than cnors. With most subjects the expert 
ence gained in learning each part enabled subjects to combine the 
parts with few errors, even in the early tnals, But these errors 
Were disproportionately hard to eradicate About 6L4 per cent 
{68, 60, and 56 per cent in Experiment I, II, and III) of the total 
trials as contrasted with 28 to 29 per cent of the total eirors were 
made in the act of combining the parts after they had been learned 
separately. 

3 Comparison of the Data from Experiments 1 , II, and III. 
Considering eirors alone (since the pait and whole methods occupy 
the same relative position for errors, for time, find for trials in all 
three experiments), we find the advantage of the part method great- 
est in Experiment III, slightly less in Experiment I, and least in 
Experiment II. Analysis, which in view of the moderate size of 
the differences must be suggestive rather than final, indicates three 
factors that seem to merit further consideration, 

a. Group differences (comparison of Experiments I and III 
with Experiment II). Experiment I and Experiment III, in which 
the same groups of subjects served first in the former and after- 
wards in the latter experiment, show respectively 34 and 43 per cent 
superiority for the part method by the error criterion A different 



WHOLE AND PART LEARNING 


227 


gioup of (inexperienced) subjects gave only 21 per cent greater 
efficiency for the part method in Expci lment II Both groups were 
composed of college undergiaduates of about the same degree of 
maturity and intelligence, and the number of subjects in each ex- 
petiment (30) was Iaige enough to secure fair reliability by the 
operation of chance, but it is impossible wholly to rule out the pos- 
sibility of a group factor. 

b Complexity of material (with amount of piacticc constant 
Comparison of Experiment II with Experiment I). The maze pat- 
terns tiaced in Expenment II were tivice the size of those learned 
in Experiment I. The greater economy of the part method in the 
latter may be clue to the simplei (12-unit maze) being a more 
favoiablc unit for part learning with unpracticed subjects 

The relation of complexity of material to the relative efficiency of 
the pait and whole methods in maze learning is two-fold. 

1) Relation of number of units in the maze pattern to diffi- 
culty of initial learning There is some reason to believe that as 
amount of material is increased the corresponding inciease in diffi- 
culty of learning is greater with maze learning than with verbal 
materials This point will be treated more fully in a later paper 
That the relation between amount of material and difficulty has 
played a part in the relative economy of the whole and part methods 
in investigations of maze learning is lllustiated by the treatment of 
the data of Han a wait, Pechstein, and the present expei mienfs in 
Table 4 Description of the computation of the error values in 
Table 4 will show the method of obtaining the values for all meas- 
ures * This method consisted in dividing the sum of the errors 
made in learning the (four or two) parts of a given maze into 
the numbei of enors made in learning the maze as a whole — that 
is, by the “whole” method G 

In Table 4 a number larger than unity means that increase in 
size of maze pattern conditions a relatively greatei increase in diffi- 

H'riala are not included because, as Robinson ancl Heron have shown 
(11), the effort expended in learning material of different lengths is not 
adequately expressed by raw scores in number of trials In any detailed 
consideration of the relation of length of material to difficulty of learning, 
trials could be translated into “total units presented,” but any such addi- 
tional complications would be of no value here 

S A somewhat similar method of computation is used by Scott and Hen- 
mnger to obtain their "score per cul-de-sac” (12, pp 665-668, Tables II, 
III, and IV) 
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culty of learning. Although such widely divergent data show the 
need for experiment rather than theory, seveial tentative conclu- 

TABLE 4 

Ratio or Difficulty or Learning Parts to Difficulty of Learning Whole 

Maze 

Each value is obtained by dividing the sum of a given measine (time, 
errors, etc,) for the two or four parts into the corresponding measure f»i 
the whole maze If difficulty increased in direct proportion to complexity 
all quotients would be unity. All numbers u\ tire table are greater than 
unity, signifying that increase ih size of a m*Ve pattern conditions a gi eater 
increase in relative difficulty 




Ei rors 

Time 

Pechstein, 1917 

Rats, distributed practice 


(lelatrvely simple 

Returns allowed 

2 7 

5 65 

maze learned in 

Returns prevented 

1 4 

2 25 

four parts) 

Humans, distnbuted practice 


Returns allowed 

2 75 

2 


Returns pi evented 

1 75 

1 7 


Humans, 

massed practice 



Returns allowed 

8 7 

6 55 


Returns prevented 

6 8 

6 25 

Hanawalt (fairly 

Excess 

Total 

complex maze, 

combination of 

Eriois 

Time dtst 

dist, 

Rats, 1931 1 3 

2,2 125 

2 0 

massed and dis- 
tributed practice 
Four pa i ts ) 

Humans, 1934 4 0 

2.2 4 0 

20 


Errors 

Time 

Present cxperi- 

Experiment I 

1 8 

1 8 

ments, (Ma^e 

Experiment II 

1 85 

1 7 

In two parts ) 

Experiment III 

2 2 

2 1 


i sions may be drawn In the first place, the increase m difficulty 
is relatively much greater than the inciease m complexity All the 
numbers in the table aie gi eater than one Second, the increase in 
difficulty is relatively much greatei with massed than with dis- 
tributed practice. Pechstein's results are particularly striking, the 
latios from 6 25 to 12 5 showing that an increase in size of maze 
pattern of four times causes an inciease in difficulty of learning of 
25 to 50 times Our results indicate that doubling the number of 
units of maze pattern conditions about a fourfold mcicase in 
effort expended in learning, that is, the difficulty increases as the 
square of the size of the maze Neither Pechstein's investigation 
nor our expeiiment, however, is wholly satisfactory, because of the 
wide divergence in effort expended in learning the earlier and later 
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paits of the total maze patterns. Pechstein found very great posi- 
tive transfer from the first part to the other three sections of his 
maze, while in our work the reverse was true * the number of errors 
and total time, and to a less degree, the number of tnals, were 
greater in learning Pait II than m learning Part I.° Hanawalt’s 
ratios might also be taken to indicate that the increase m difficulty 
with increase in size of pattern is not so marked for large amounts 
of material, but it is not possible to isolate the influence of this 
factoi fiom that of distubution of time, since Hanawalt combined 
massed and distributed piocedure in both whole and part methods 
In any case, it is evident that, if the waste in the act of connection 
can be reduced to or near zero, the relation of size of pattern to 
difficulty of learning will give the part method the advantage, espe- 
cially with fairly simple mazes and massed practice 

2) Relation of complexity of maze pattern to difficulty of 
combining the parts Pechstein concludes from his data that the 
major element of waste tn part learning occurs in the act of con- 
necting. There is no question of the correctness of this statement 
as far as maze learning is concerned. The fact that Crafts (3) and 
Davis and Mecnes (4) have found greater economy in learning by 
the whole method with visual-spatial material, although it shows 
that the waste does not merely consist in the effort required in “form- 
ing an association” between two disetete parts (already learned), 
in no way negates Pechstein’s conclusion. In fact it is not possible 
to explain away Pechstein’s findings in this respect, since his gen- 
eralization is no more than a plain statement of one of the results of 
all experiments in whole-part maze learning Our data indicate 
that the waste in the act of connecting is a constant factor foi the 
two complexities of mateual tested In the pait method, the per- 
centage of the total eirois which must be ascribed to the difficulty 
of connecting the paits is 28, 29, and 29 per cent foi Experiments 
I, II, and III respectively That is, the effort expended in con- 
necting die paits increases with inci easing amount of material pro- 
poitionately with the rise in the difficulty of learning the separate 
parts 


“The fact that returns over the fiist part were allowed while learning 
the second part doubtless accounts for some of this difference Another 
possible factoi is that the subject had a much better oppoitumty of main- 
taining orientation relative to his bod}’ while tracing the first half of a 
total maze pattern, since each "whole" maze pattern began at the row of 
bloclis nearest his body. 
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c Practice (complexity of material constant ) The unit of ma- 
terial foi which errois can be most rapidly deleted may become larger 
as subjects get more and more practice in maze learning This process, 
rather than gioup differences, is advanced by the authors as the ex- 
planation of the greater economy of the part method in Experiment 
III as compared with Experiment II. The 24-unit mazes weie 
learned in both of these experiments, but the subjects who worked in 
Experiment III had alieady learned Mazes I and II Since our 
hypotheses assume that increasing size of pattern and practice work 
in opposite ways, it follows that the two factors may paitly or 
wholly cancel one anothei. On the latter supposition wc can ex- 
plain the smallness of the differences between the data of Experi- 
ment I and Experiment III The patterns foi Experiment III 
wcie twice the size of the patterns for Expeiment I. This factor 
operating alone might be expected to' lower the relative supeiionty 
of the part method in the more complex mazes. On the other hand, 
the practice that subjects taking part in Experiment III had alieady 
received during their work in Experiment I might have increased 
their ability to handle the larger pattern at high efficiency, and thus 
have moved the “most economical unit” higher up in the scale of 
complexity of pattern. 

Summary 

For learning a visually peiceived maze the part method was found 
markedly supeuor to the whole method in errors, less superior in 
time, while in number of trials there was little difference between 
the two methods The evidence, though inconclusive, indicates 
that practice, sight of the surface of the maze and the movements 
made in tracing, and relative simplicity of problem favor part 
learning. 
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L’APPRENTISSAGE GLOBAL ET PARTI EL D’UN LABYRINTHE 
VISUELLEMENT PER£U 
(R£sum6) 

On a 6tudi£ I’economie relative des methodes globale et partielle quand 
on npprend h tracer des formes dans un labyrinthe visuel adjustable Dans 
l’exp^rience I 30 sujets out appris 54 formes de labyrinthe a cul-de-sac de 
12 parties. Quarante-huit formes de cul-de-sac de 24 parties out etd apprises 
dans I’exp^nence IT par 30 sujets sans exercice ant6rieur, et dans l’cxperience 
III par 28 aujets employes ant£rieurcment dans l’cxpSrience I Dans 
tontes les experiences on a 6galis£ lea effets de 1’exercice et les differences 
entre les groupes et les labynnthes Les r6sultats montrent que la mithode 
partielle est superieure £t l.i globale de 21 a 43 pour cent dans les erreurs 
moyennes et de 2 fi 23 pour cent dans la duree moyenne. Dans les experiences 
I et III le9 proportions critiques ont £te assez grandes pour etre signifiantes 
statistiquement Pour les 6prcuves lea deux methodes ont ct£ 1 peu pi&a egales 
sauf dans l’exp6rience II, qui a montre un ayantage de 14 pour cent pour la 
methode globale, Le pourcentage peu 61ev6 (28-29%) des erreurs totales pour 
la m&thode partielle faites dans la combinaison des pa i ties inditpie qu’un 
dlemcnt principal de peite avec la methode partielle dans les experiences 
antSneures a 6t6 rdduit au minimum en simplifiant 1’acte de I’mtdgration 
des parties On attribue cette simplification a ia division des formes totales 
en deux plutot qu’en quatre parties, et i l’usage d’une labyrinthe visuel qut 
a Permis aux sujets de voir leurs mouvements en tiai;ant et ainsi de perce- 
voit l’orientation gen£ralc des parties a la forme totale La petite cjuantitd 
d'effort ntcessaire pour combiner les parties a montrd aussi plus clairement 
qu’riuparavant un avantage intrinsdque de la methode globale l’ougmenta- 
tion disproportionnee de la difficult! de I’apprentissage avec la grandeur 
augmentante de la forme dit labyrinthe II s’est montrfe aussi quplque Evi- 
dence que la methode partielle eat favons^e par I’exercice 
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im GANZ- V ND TEILLERNEN BINES VIS [JELL WAHRGENOM- 
MEN LABYRINTHS 

(Ref flat) 

Du. relative Okonomie des Gan?- im Vcrgleich zum Teilveifahien 
wiude beim Lernen des Naclizelchnens dcr Muster in einem anordmings* 
lahigen, visuellen Labyiinth untersucht Im cmten Vcrsuch Ictntctl 30 Vpn 
U byrjnthni lister in 12 Einhejten Lind 24 Gangen Muster mit vicrundztvanzig 
Einhviten uitd 24 Gangen wuideti im zwciten Vcrsuch von 30 "ungeubteif 
Vpn, gelernt, nnd im dritten Vcrsuch von 28 Vpn, dm fmhei im ersten 
Vcrsuch gedient hattcti Obungwirkungen Mid Griippen- Mid Labyimth- 
untmchiode warden in alien Veisucheo gleichgcmacht Die Eigebnissc 
zeigen, dass die Teilmethode dcr Ganzrnethode uberlegcn 1st, mit 21 zu 
43 Piozent an durchschnitdichcn Intumern nnd 2 zii 23 Prozent an durc,h- 
BChnitthdier Zut, In Versnchen I nnd HI waren die VerhaUniasc gross 
genng, um statistisch bedeutsnm zu sein Im Ilinblid auf Probe n ivaren 
die z\yei Methoden ungefnhr gleich mit dm Ausnahme von Versuch II fm 
die Gan 2 methode, in dein ein 14-prozentiger Vorteil vorhanden war Der 
medrige Prozentsatz (28-29%) der Gesamtir rtumei tur die Teilmethode 
her der Zusammensetzung dcr Teile bewelst, dass cm Hnnptelement des 
Veflnats mit dei Teilmethode in fruheren Expcrimenten dinch die Veiem- 
faclmng des Aktes der Deutiing dei Tede vcimindert worden sci Diese 
Vertmfachimg wird dei Einteilung dcr Gesamtmuster in zwei anstatt in 
vmr Teile zugeschrieben, und dem Gehmarh eincs visuellen Labyrinths, 
das den Vpn gostattete, ihrc Bewegungcn w ah rend des Zeichneim zu beo- 
bachten nnd auf dieso Wcise die allgemeine Orientierung del Teile zum 
gesamtmustei wflhrzunehmen, Die klelne Energievenvendnng, vm die 
Teile zu veibinden, mgte Llarer a Is fwhei emeu inneren Vorteil der 
Teilmethode die iirtverUtnimissige Zimahme der Sehmengkeit des 
Lernens unit emer ziinehmenden Grossc dei Labyrinth musters Es gab nuch 
eimgc Evident, dass die Teilmethode dutch Obung bcgunstigt wud 

Cook, Morrison und Stacpy 



SHORT ARTICLES AND NOTES 


HIGH SCHOOL ACHIEVEMENT OF FIFTY-SIX GIFTED CHILDREN 1 

Edna E Lamson 

This study is part of a wider investigation (1) carried forward since 
1922, when a group of children between the ages of seven and nine years 
were selected from public schools in New York City by means of Stanford 
Binet Testa for the purpose of founding two experimental classes of pupils 
testing above 135 IQ. 8 

The purpose of the present study is to answer certain questions regard- 
ing the final high school achievement of the children who were subjects in 
“A Study of Young Gifted Children in Senior High School’* (2). 

1. Did all the members of the gifted group complete high school within 
the time they had anticipated? 

2. How do the gifted group graduates compare with the control gradu- 
ates with reference to ages and scholastic achievement? 

3. Was the scholastic expectation of the non-graduated group of 1929 
fulfilled upon their graduation? (2, p 2) 

4. Did the gifted group maintain its superior scholastic achievement 
throughout ita high school career? 

The data used in answering these questions consist of the following; 
Number of semesters spent in completing the high school curriculum; ages 
upon entering and upon completing high school; schodl marks and Regents 
record for the entire period spent in high school; membership in Arista 
League; and certain data from the 1929 study 

The last two of the gifted group to be graduated from high school re- 
ceived their diplomas in June, 1931 

The control group of graduates were selected by the method used in se- 
lecting the control group of survivors (2, p 5), The complete school record 
was obtained for each of the graduates. 

The average number of semesters spent by the gifted group was 8 35 as 
compared with an average of 8 4 semesters spent by the control graduates. 
The difference is not significant 

detailed report of this follow-up study read before Sections I and Q, 
Arneruan Association for the Advancement of Science, Atlantic City, 
December, 1932 

s This was done by the action of a joint committee, consisting of Mr 
Jacob Theobold and Mi9s Jane Monahan of Public School 165, Manhattan, 
and of Dr. Grace A Taylor, Miss Margaret V Cobb, and Professor Leta 
S Hollingworth of Teachers College, Columbia University, with the advice 
of District Superintendent John E Wade The work of this committee was 
financed in part by a grant from the Carnegie Corporation of New York, 
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Whereas the non-graduated group had hoped in 1929 to complete the 
remainder of their high school course within an average of 8.2 semesters 
(2, p 79), they spent 8 35 semesters The reasons for the incieasc tn the 
aggregate time are known Five members of the gifted group enteied a 
private high school which planned to icquire of them five years of attendance. 
One member discovered, upon moving from New York City, that the year’s 
work he had done in pnvate high school would not be ci edited upon the 
course he had decided to offer as preparation for college entrance During 
the four years he spent in the second high school, he completed five years 
of work, and upon graduation was granted one year of credit by the umvei- 
sity he entered the following fall. His scholastic achievement was of suffi- 
ciently high order for him to be awarded a scholarship to the university. 

One member of the gifted group finished the required number of college 
entrance subjects within the four-year period, but neglected to meet the 
graduation requiiements in physical education During the ninth and tenth 
semesters this individual fulfilled the physical education requirements and 
look several academic subjects. Another member entered at midyear a 
pnvate high school which regularly requires five years to complete its 
curriculum In this instance five and one-half years were required because 
the course t9 completed in June only. Two members who could have been 
graduated with the class of June, 1929, decided to take additional college 
preparatory subjects and voluntarily deferred their graduation for a semes- 
ter 

The data used in answering the question regarding the ages and scholas- 
tic achievement of the two groups are picsented in Table 1 and Table 2 


TABLE 1 

Comparison or Gifted Group and Control Graduates with Reference 
to Ace at Certain Stages of Their High School Career 



Gifted 

Control 

Diff 

Ages 

group 

graduates 

P E Diff 

Average age in years upon 
entering high school 

11 7 ± 055 

13 5 ± .072 

20,0 

Average age in years upon 
graduation from high school 

15 8 ± 061 

17.6 ± .077 

18,6 

Age of youngest entrant 

Age of oldest entrant 

9 yrs 4 mas, 
15 yrs 3 mas. 

11 yrs 2 mos 

15 yr9 3 mos, 


Age of youngest graduate 

Age of oldest graduate 

13 yrs, 9 mos, 
17 yrs 2 mo9. 

17 yrs. 7 mos. 
21 yrs, 5 mos 
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On the aveiage the gifted group was approximately two yeais younger 
than the control graduates at the time the respective groups entered high 
school and at the tune the respective groups were graduated from high 
school, Throughout their high school period the gifted group was approxi- 
mately two years younger than any of their control groups (2, p. 74), a 
statistically significant fact. 

TABLE 2 

Comparison Between Guted Group and Control Graduates with 
Reference to Rccents Examinations and School Subjects 



Gifted 

Control 


Diff. 

Sets of marks 

group 

graduates 

Difference 

PE Diff. 

Regents marks 



5 2 


Mean 

82 3 

77 1 


S D of distribution 
Probable eiror 

5 4 

5 7 



Of mean 

Of difference 

S5 

42 

.67 

77 

School marks 





Mean 

78 1 

73 2 

49 


S D of distribution 
Probable error 

6,2 

48 



Of mean 

Of difference 

.56 

34 

66 

7,4 

Difference between the 





means 

42 

3 9 



P,E of difference 
Difference 

78 

55 



P E, difference 

54 

7.3 




Both the final Regents record and the final record in school subjects made 
by the gifted group are significantly superior to that of their control gradu- 
ates (2, pp 31-33). Both groups made a; significantly higher record in 
Regents Examinations than in school subjects Whereas 90 per cent of the 
control graduates availed themselves of the opportunity to take Regents 
Examinations, every member of the gifted group having the opportunity to 
take Regents Examinations did so. 


TABLE 3 

Comparison Between 1929 School Marks of 26 Non-Graduates and Their 
1931 School Marks When They Had Become Graduates 


Sets of marks 

1929 

1931 

Difference 

Diff 

P.E Diff 

School marks 

Mean 

76 7 

76 8 

.1 


P E of mean 

P E of difference 

1,31 

1 21 

.36 

.3 
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Whereas the non-grnduated group had hoped in 1929 to complete the 
remainder of their high school course within an average of 8,2 semesters 
(2, p, 79), they spent 8 35 semesteis The reasons for the increase in the 
aggregate time are known. Five members of the gifted group enteied a 
private high school which planned to lequire of them five years of attendance 
One member discovered, upon moving from New York City, that the year’s 
work he had done in private high school would not be credited upon the 
course he had decided to offer as preparation for college entiancc During 
the four years he spent in the second high school, he completed five years 
of work, and upon graduation was granted one year of credit by the univer- 
sity he entered the following fall Ills scholastic achievement was of suffi- 
ciently high order for him to be awarded a scholarship to the university. 

One member of the gifted group finished the required number of college 
entrance subjects within the four-year period, but neglected to meet the 
graduation requirements in physical education. During the ninth and tenth 
semesters this individual fulfilled the physical education requirements and 
took several academic subjects Another member entered at midyear a 
private high school which regularly requires five years to complete its 
curriculum In this Instance five and one-half years were required because 
the course is completed in June only. Two members who could have been 
graduated with the class of June, 1929, decided to take additional college 
preparatory subjects and voluntarily deferred their graduation for a semes- 
ter 

The data used in answering the question regarding the ages and scholas- 
tic achievement of the two groups aie presented in Table I and Table 2, 


TABLE I 

Com par isom of Gifted Group and Control Graduates with Reference 
to Ace at Certain Staces or Their High School Career 




Control 

Diff 

Ages 

umm 

graduates 

P. E. Diff 

Average age In years upon 
entering high school 

11.7 ± 055 

13.5 ± .072 

20 0 

Average age in years upon 
graduation from high school 

15 8 ±.061 

17.6 ±l .077 

18.6 

Age of youngest entrant 

Age of oldest entrant 

9 yrs 4 mos 
15 yrs 3 mos 

11 yrs. 2 mos. 
15 yrs. 3 mos 


Age of youngest graduate 

Age of oldest graduate 

13 yrs 9 mos 
17 yrs. 2 mos. 

17 yrs 7 mos 

21 yrs 5 moa 
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On the average the gifted group wag approximately two years younger 
than the control graduates at the time the respective groups entered high 
school and at the time the respective groups were graduated from high 
school. Throughout their high school period the gifted group was approxi- 
mately two years younger than any of their control groups (2, p. 74), a 
statistically significant fact. 

TABLE 2 

Comparison Between Gifted Group and Control Graduates with 
R srMENCE to Regents Examinations and School Subjects 


Sets of murks 

Gifted 

group 

Control 

graduates 

Difference 

Diff 

PE Diff. 

Regents marks 





Mean 

82 3 

77.1 

5,2 


S.D. of distribution 

54 

5 7 



Probable error 





Of mean 

55 

.42 

67 


Of difference 




7.7 

School marks 





Mean 

7S 1 

73 2 

49 


S D. of distribution 

62 

48 



Probable error 





Of mean 

,56 

,34 



Of difference 



66 

74 

Diffeience between the 





means 

+ 2 

3.9 



PE of difference 

,78 

55 



Difference 





P E difference 

5.4 

73 




Both the final Regents record and the final record In school subjects made 
by the gifted group are significantly superior to that of their control gradu- 
ates (2, pp 31-33), Both groups made a, significantly higher record in 
Regents Examinations than in school subjects Whereas 90 per cent of the 
control graduates availed themselves of the opportunity to take Regents 
Examinations, every member of the gifted group having the opportunity to 
take Regents Examinations did so 


TABLE 3 

Comparison Between 1929 School Marks op 26 Non-Graduates and Their 
1931 School Marks When They Had Become Graduates 


Sets of marks 

1929 

mi 

Difference 

Diff 

FE Diff. 

School marks 

Mean 

76 7 

76 8 

.1 


PE of mean 

PE. of difference 

1 31 

1 21 

.36 

.3 
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In order to determine whether the non-grnduated group of 1929 fulfilled 
their scholastic expectation upon graduation, the data in Tables 3-5 were 
assembled Table 3 presents a comparison between the 1929 school marks 
of the 26 non-graduates and their 1931 school marks when they had be- 
come graduates. 

Table 4 presents a comparison between 1929 Regents marks and school 
marks for 16 non-graduates and their 1931 Regents marks and school marks 
when they had become graduates. 

TABLE 4 

Comparison of 1929 Regents Marks and School Marks for 16 Non- 
Graduates and Their 1931 Regents Marks and School 
Marks When They Had Become Graduates 
~~ — - — — — - 


Sets of marks 

1929 

1931 

Difference 

Regents marks 

Mean 

83 8 

81 6 

2,2 

P E. of mean 

PE of difference 

1.01 

1 01 

142 

School marks 

Mean 

81,0 

76 3 

47 

P E of mean 

P.E. of difference 

1 14 

1 26 

1 69 

Difference between means 

2,8 

5 2 


PE of difference 

152 

1 61 


Difference 

P,E. difference 

U 

3 2 



Table 5 presents a comparison of the coefficients of correlation between 
Regents marks and school marks of 1929 and 1931 for 16 non-graduates of 
1929 


TABLE 5 

Comparison qr Coefficients of Correlation Between Regents Marks and 
School Marks of 1929 and 1931 For Sixteen Non-Graduates of 1929 


Set of marks 

1929 

1931 

Diff. 

Difference P E Diff 

Coefficient of correlation 

86 

.82 

04 

Probable error of coefficient 




of correlation 

.OH 

.055 


Probable error of difference 



07 

6 


None of the differences in Tables 3-5 ia statistically significant The 
1929 scholastic expectation of the nan-graduated group was fulfilled and the 
1929 scholastic record of the entire gifted group was unaltered 
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To determine whether the gifted group hns maintained its scholastic 
superiority, a comparison has been made in Table 6 between data from 
Table 7 of the 1929 study ( 2 , p 32) and Table 2 of the present study 


TABLE 6 

Comparison of the Scholastic Achievement of 1929 and 1931 ny the 
Gifted Group and or Thcir Respective Control Groups 


Sets of marks 

Gifted 

group 

Control 

graduates 

Differ- 

ence 

PE 

Diff 

Diff. 

PE Diff 

Regents marks, 1929 

83 5 

76 S 

67 

68 

9 8 

Regents marks, 1931 

82 3 

77 1 

5 2 

67 

77 

Difference 

1 2 

3 




P E of difference 

53 

48 




Difference 






PE difference 

22 

.6 




School marks, 1929 

78 1 

72 9 

52 

6 

8 6 

School mnrks, 1931 

78 1 

73 2 

49 

.66 

74 

Difference 

0 0 

3 




P E of difference 

,79 

.56 




Difference 






P.E difference 

0 0 

53 





The differences between the scholastic records of 1929 and 1931 for the 
gifted group and their respective control groups, both in Regents marks and 
in school marks, are small and not statistically significant. Although the 
differences between the averages made by the two groups both in Regents 
marks and school marks for 1931 are smaller than the corresponding differ- 
ences for 1929, the average for the gifted group is still significantly superi- 
or The gifted group, true to prediction (2, p 42), has maintained through- 
out its high school caiecr a scholastic achievement significantly superior to 
that of the control groups. 

Of the gifted group attending high schools having Arista League 42.5 
per cent were elected to this scholarship society From the control gradu- 
ates 5 4 per cent weie likewise elected The peicentage of elections to 
Arista among the gifted group is approximately eight times as large as that 
among control graduates, and four time9 as large as the percentage for 
graduating classes in three high schools (2, pp 37-39), 

The conclusions reached in the 1931 supplementary study are 
1 The modal number of semesters spent by both the gifted group and 
the group of control graduates fn completing the high school curriculum 
was eight The slight difference between the average number of semesters 
spent by the gifted group and by the control graduates is not statistically 
significant. Whereas, in 1929 the members of the gifted group expected to 
complete high school m an average of 8 2 semesters, an average of 8 35 
semesters were needed 
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2 The final scholastic record of the gifted group, who were two years 
younger on the average than any of their control groups, was significantly 
superior to that of the control graduates, 

2 The scholastic expectation of the % gifted non^graduates of 1929 waa 
fulfilled when the entire group had been graduated The final record of 
the non-graduates of 1929 was the same as that of the graduates of 1929, 
The scholastic achievement between June, 1929 and June, 19 31 on the part 
of the non-grflduated group did not alter the 1929 scholastic record of the 
entire gifted group 

4, The gifted group maintained throughout its high school career a 
scholastic achievement, including its disproportionate percentage of election* 
to Arista, significantly superior to that of the several control groups, 

5> Young gifted children in senior high school tend to maintain superior 
intellectual achievement throughout the entire cotifse 
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Norman L. Munn. A Laboratory Manual m General Experimental Psy- 
chology, Pittsburgh’ Umv Pittsbvirgh Book Store, 1934 Pp, 114-h supple- 
mentary question pages, lettered a 

In considering a Psychology Laboratory Manual for classroom adoption 
one generally expects it to contain among other features the following. (1) 
a choice of experiments which are representative of the field, (2) a choice 
of experiments which make possible the use of the laboratory equipment at 
hand, (3) elar-ity of instructions to subjects and experimenters, (4) pro- 
fundity, clarity, pertinence, and inclusiveness of questions and exercises per- 
taining to the vaiious experiments, and (S) choice and arrangement of 
references. It must, ofl course, be admitted that each laboratory has Ita own 
traditions, equipment, favorite experiments, etc Hence in evaluating the 
above features the particular complexion and needs of a. given laboratory 
will naturally play an important role Taking cognizance of such qualifica- 
tion, Munn’s A Laboratory Manual in General Experimental Psychology ap- 
pears to me highly successful in fufilling the proposed criteria Let us now 
consider the manual in the light of these criteria. 

I. The manual contains 65 experiments which are divided as follows: 
emotional behavior, 3; aesthetics, 2; sensory processes, 19; perceptual pro- 
cesses, 6, attention and discrimination, 3, imagery and association, 2, reac- 
tion processes, 5, individual differences, 5; the learning process, 14, social 
psychology, 4; and animal psychology, 5. This numerical distribution appears 
to be quite well tn agreement with recent experimental interest in the re- 
spective fields. Possible exceptions to this are the number of experiments 
devoted to animal psychology, individual differences, and emotional behavior. 
However, many laboratories have inadequate facilities for experiments with 
animals, and emotional processes require elaborate equipment for successful 
demonstration On the other hand the omission of Pearson’s Product-Moment 
method for computing correlations, the somewhat inadequate presentation of 
graphic methods, and the omission of reliability equations in the chapter on 
individual differences may appear a weakness to some who consider the 
book for adoption Such and Other minor omissions are, however, readily 
offset by the unusually large selection of 65 experiments which represent the 
older classical experiments as well as the more important recent ones 

2 Taken as a whole Munn’s experiments call for a considerable amount 
of laboratory equipment, more probably than a number of laboratories con- 
tain. But this feature is again offset by the wide choice of material. 1 have 
found it comparatively easy to adapt the manual to a rather modest supply 
of apparatus by instituting minor changes here and there and by substituting 
an occasional experiment from other manuals 

239 



240 


BOOKS 


3 The reviewer feels that Minin haa been unusually successful in keeping 
the directions to experimenters and the instructions to the subjects concise 
without serious loss of clarity. 

4 The questions and exercises pertmning to laboratory experiments are 
always of utmost importance because it is in this connection that the student 
best displays his understanding of the problem and his knowledge of the 
literature concerning the problem under investigation It is here also where 
the author of a manual best displays his orientation in the field of Experi- 
mental Psychology, and his ability to lift the most important facts out of the 
literature for the purpose of converting them into stimulating and instruc- 
tive questions, Space, of course, would not permit one to examine all of the 
questions in the manual Hence I 9hall examine two experiments chosen at 
random for the purpose of pointing out some typical features of the questions 
in the book. 

On pp. 41-41« we find an experiment on visual apace perception which en- 
deavois to present the factors of binocular vision, double images and stere- 
oscopy. The following questions are introduced to sum up the results 
f, l. What explanation of the results on binocular and monocular discrimina- 
tion of distance arc you able to offer? 2. How may double images be ex- 
plained? Attempt to explain each of the phenomena observed. 3, How do 
you explain the phenomena observed with the stereoscope? 4 From your 
reading and general observation, what would you say are the chief cues upon 
the basis of which perception of tridimensional space is made possible?" 
These questions, when considered as n whole, appear to the reviewer n bit 
too general for an adequate exploration of the problems involved In con- 
nection with question 2, for instance, it might be well to call for a diagram 
demonstrating the occurrence of double images under the various conditions; 
also, to draw a diagram showing how the fusion of images occurs, when 
(n) the fixation point is the farthest of two parallel points (6) when the 
fixation point is the nearest of the two To supplement the general question 
"How do you explain the phenomena observed with the stereoscope?”, it 
might be well to add n number of specific questions The following may 
serve as examples' What factors enable one to get the impression of depth 
and distance from a single plane picture? How do these factors compare in 
importance with the binocular vision factor? What is the function of the 
lenses, the screen midway between the lenses, and the sliding carries of a 
stereoscope? What are the primary and secondary cues for depth perception 
in stereoscopic vision? In connection with this experiment it wovild also be 
well to devote a section to binocular fusion and rivalry 

Another example of the generality of the questions is to be found in the 
experiment on Maze Learning on pp 8l-81n The questions following this 
experiment concern a comparison of the maze learning and letter-digit sub- 
stitution curves, plateaus, the physiological limit, the Vincent learning curve, 
relation of motor skill to intelligence, and the relation of time and errors in 
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maze learning. There are, however, no specific questions concerning the ac- 
quisition of the maze habit as such. Additional questions, like the following, 
might aid the student in comprehending more fully the various steps in- 
volved in maze learning. If one becomes confused in one trial after the 
learning has progressed to some extent does it tend to cause confusion in the 
immediately succeeding trials? Does the learning of the true path in the 
maze cause the blind alleys to be eliminated spontaneously or must one actu- 
ally inhibit the entrance into blind alleys as well as try to keep in the true 
path? Do any parts of the maze seem more difficult to learn than other 
parts? How do kinaesthetic processes operate in maze learning? How may 
the fact be explained that “useless” movements tend to drop out (time and 
errors tend to decrease) as practice goes on, instead of persisting by habit? 

5 In the choice of references Munn has drawn heavily from the more 
recent literature This probably is justifiable if not carried to the extent of 
omitting the older classical experiments 

In the arrangement of the references Munn has again resorted to a good 
deal of generality He has placed all of the references at the beginning of a 
chapter, e.g, The Learning Process. This makes it difficult for the student 
to choose the liternture pertaining to n given experiment To the reviewer 
it would appear more desirable if the references were given in connection 
with specific questions and exercises, even to the extent of giving page refer- 
ences which discuss the phenomena in question The possibility that with 
such an arrangement the insincere student would read only the pages re- 
ferred to could be offset by assigning a greater number and variety of 
references 

P H. Ewert 

University of Vermont 
Burlington, Vermont 


Florence L Goodenouch Developmental Psychology New York Ap- 
pletion-Ccntury, 1934 Pp vii+619 

Those who are teaching courses in child psychology will welcome this 
book as probably the most useful text in the field The author has shown 
an extensive familiarity with the literature dealing not only in child psy- 
chology but with psychological problems in general The material touches 
upon an incredible number of problems about each of which many 
volumes have been wutten, but the author has shown disci itnination 
in pointing out the salient issues so that the student is not lost in 
an account of a multitude of specific experiments which may have slight 
bearing upon the problem The literature on diverse topics has been thor- 
oughly assimilated and is presented in a direct and comprehensible manner 
The cumbersomeness of direct quotations has been wisely avoided Prob- 
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leras about which there is vast theoretical controversy are discussed with 
lucidity and are woven into meaningful, practical illustrations of experiences 
which would probably constitute part of any student's daily life. There 
appear at the beginning of each chaptei several leading questions aimed 
to provoke on the part of the student at the outset a questioning attitude, 

After an introductory chapter on the “study of human development” and 
another on experimental methods of attacking psychological problems, the 
general organization of the book involves discussion of human behavior in 
largo chronological periods, viz,, hereditary background, prenatal period, 
the newborn infant, infancy proper, early childhood, later childhood, adol- 
cscence, adulthood, and old age. These divisions seem to imply that 
developmental processes and psychological problems are distinctive to these 
periods. There is, for example, a chapter on “How Older Children Learn" 
as if there was something m the learning process peculiar to this age level 
In fact the writer says that “children learn from the beginning but they 
learn casually, incidentally By the age of six or seven, however, a new 
element cornea into his learning which will thereafter play a highly im- 
portant part in modifying his behavior and extending hla range of accom- 
plishments From then on the child not only learns He tnct to learn" 
She does not, however, show thnt the trying at this age is different from 
that indicated by an infant trying to learn to walk It seems to the present 
reviewer that the featuring of chronological periods is unfortunate since it 
must cloud the concept of development as an ever continuous on-going 
process. 

The chief criticism of the book is an academic one. Just what should be 
covered under the title of “Developmental Psychology” Is a matter of ques- 
tion Certainly It transcends human development. The human is only one 
phase In a long complex phylogenetic Benes, Perhaps a more appropriate 
title for this book would have been “Human Ontogeny" 

Because the author has succeeded in eliminating a lot of excess material 
and presenting the salient issues in simple direct language this text will be 
of great benefit to the beginning student. 

Myrtle B, McGraw. 

Normal Chid Development Clinic 
BabtfS Hospital 
New York Ctiy 
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AN EXPERIMENTAL STUDY OF THE ONSET OF 
BEHAVIOR IN THE FETAL GUINEA-PIG 

From the Psychological Lahos alary of Brown University 


C S Bridgman and Leonard Carmichael 


I Introduction 

In an earlier publication by one of the authois, dealing with the 
origin and development of motility in the fctaL guinea-pig, the exact 
natuic of the first responses of the fetus could not be definitely 
dcscnbed because a sufficient number of animals had not been studied 
in the veiy fiist stages of motile life (7). The present paper 
repents a study of 47 fetal litters compiling 146 fetuses in the 
period immediately before and immediately after the onset of somatic 
motility 

The problem of the nature of the first responses of the mammalian 
fetus is one of general significance for the whole science of behavior 
It is also at present a field in which the interpretation of observa- 
tional data has led different investigators to divergent conclusions 
In this paper the status of the problem in terms of the work of 
active investigators will first be summarized briefly and then the 
findings of the present cxpenments, their interpretation, and their 
bearing upon the points which are at present controversial will be 
given 


II Present Status of the Problem 

The elaboiatc modern study of the relationship between the de- 
velopment of behavioi and the development of the mechanisms upon 
which behavior depends may be considered to have begun with 
CoghiU. The early part of the woik of this investigator was sum- 
marized by him in 1929 (9) On the basis of his studies on the 
larval Amblystoma , Coglull holds that behavior develops as the 
gradual expansion of what is termed “a total pattern.” This pattern 
is said to be completely integrated from the first. By a process 
termed ‘‘individuation*’ partial patterns or reflexes become separated, 
in a measure, from this unitary'' "whole, as development progresses. 
Thus, special reflexes, such as independent movements of one limb, 
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occur first only as a part of a total pattern involving the whole 
organism. Later through individuation it is asserted that these 
apparently isolated responses acquire a measure of independence 

Further, on the basis of such work as that of Child (8), Coghill 
holds that the primary conduction paths of the neivous system arise 
out of pre-ncural gradients The first physiological stage in the 
development of motility is held to be one in which ir the muscles can 
be excited to conti action by direct stimulation, as by the stab of a 
sharp needle, by mechanical impact or by electricity, but cannot be 
excited by light touch on the skin” (9). Anatomically during this 
period he further points out that there are both sensoiy and motor 
nerves in contact with their respective end-organs, receptors and 
effectors, but that the connecting mechanisms in the central nervous 
system have not yet fully developed. With the growth of cells 
in the floor plate of the medulla connection of the afferent and 
efferent mechanisms is effected and lesponse to touch stimulation can 
be effected. The possibility is also noted by this investigator that 
in A mblystoma as well as in the toadfish, as described by Tiacy (23), 
it may be that the efferent nervous system is functional before the 
afferent system Thus, after the independent effector stage there 
may be a stage when only the cffeient neural mechanisms, stimulated 
endogenously, are capable of effective functioning. Coghill, how- 
ever, notes that if this is true in Amblystoma its obvious appearance 
is masked by a dominating afferent system. 

According to this same investigatoi the result of the neural mech- 
anism just described on behavior is that, in Amblystoma at least, 
the first movement involves the trunk, next passive limb movement, 
and at length, after a day or two, local lesponses of the limbs "It 
is obvious, therefore/’ he says, “that the first limb movement is an 
integral pait of the total reaction of the animal, and that it is only 
later that the limb acquires an individuality of its own in behavior” 
(9) That Coghill does not consider this description to be limited 
to Amblystoma but also to be applicable to man is attested bv his 
statement that he is convinced that behavior develops in “man as it 
does m Amblystoma by the expansion of a total pattern that is in- 
tegrated as a whole from the beginning and by individuation of 
partial patterns (reflexes) within the unitary whole” (10) That 
the extension of the pattern of development discovered in Amblystoma 
to mammals and man is still hypothetical will, howevci, probably 
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be admitted by nil Yanase (33) and Strassmann (19) are quoted 
by Coghill in the same papci , from which the excerpt two sentences 
above is given, as leporting the earliest recorded human fetal response 
as limb movement. In this connection it must not be foi gotten that 
the larval Amblystoma freely swims when even the place of its future 
fore limbs is marked only by bately perceptible nodules on the sur- 
face At this time, prior to its metamorphosis, Amblystoma actively 
swims by moving its whole tiunk with its relatively great tail and 
its fin-like fold It is not surprising then that in this period m this 
organism, before lungs have developed, and when the limbs them- 
selves are first gi owing, limb movement should be at fiist passive 
In mammalian fetuses the very first somatic movement does not take 
place until the limbs are relatively well formed, and it is not impos- 
sible therefore that the pattern of development discovered to hold 
for Amblystoma will not fit the mammal or man. Indeed, if one 
wished to look for a “lccapitulation” of amphibian behavioi m the 
mammal one would expect, by anatomical analogy, that such behavior 
would appear at a period befoie the limbs had developed, but un- 
fortunately this is a period in which, because of its neuro-muscular 
mechanism, no mammalian fetus can move, It would therefore seem 
almost surprising if the mammalian fetus passed through the same 
stages m the development of behavior as does the larval Amblystoma 
during its metamorphosis 

Following the work on Amblystoma by Coghill, a number of 
woikers in this investigator’s laboratory have attempted a similar 
study of the development of behavior in relation to its neural mech- 
anisms in the fetal mammal. Swenson (20-22) and more recently 
Angulo y Gonzalez (1-5) have studied in detail the onset and 
development of behavior in the fetal rat Moreover, work of this 
latter investigator indicates, he reports, that a sequence of develop- 
ment not unlike that found in Amblystoma can be traced in the 
developing rat fetus, He finds that movement first occurs about 378 
hours after insemination in the rat fetus He reports that “tins 
movement consists of a feeble lateral flexion of the head involving 
only the neck region The movement is very slow and of small 
amplitude ” This movement then “progresses so as to involve first 
the fore limbs and later on the rump ” It is further noted that 
“During the early stages of development the appendages move only 
with the trunk.’’ At first, stimulation of the snout leads to “a total 
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mass icaction ” Descriptively, however, this is pumarily a lateral 
flexion ot the trunk It is only during later pci iods uf development, 
this investigator holds, that specific reflexes appear. Even during 
these periods, howevci, the secondary or reflex movements aie still 
"under the dominance” of the primary pattern of which they arc 
initial components Angulo y Gonzalez further points out that 
motor nerves, ot a soit to make possible limb movement, are func- 
tional befoie the sensoiy nerves in the fore paws can be stimulated 
tactually Moieover, by expenmental means he shows that an alter- 
ation in the metabolites of the blood stream can change the nature 
of these movements, presumably by direct action on the central 
nervous system, at a peiiod cailier than that at which such move- 
ments can be exteroceptively aroused In summaiy, then, it can be 
said that Angulo y Gonzalez’ results, based on his study of the onset 
of behavior in the rat fetus, and his interpretation of these results, 
aie in dose harmony with Coghill’s description of the development 
of behavior in the limbless, free-swimming laival Amblystoma before 
its metamorphosis 

In a senes of publications Windle and his collaboratois have 
repoited studies on a number of oiganisms of the development of 
behavior and its neuial basis during the fetal period (16, 24-32). 
The general conclusions of this work have been diffeient from those 
of Coghill and his associates just reviewed In 1931 Windle and 
Griffin report that in the cat the first movement took place in a 
16-mm. fetus as follows “it showed momentary and almost imper- 
ceptible slight motility . . the very slightest, slow, ventrolateral 

head flexion occuned and was repeated once or twice” In a fetus 
of 17 mm it is reported, “Simultaneous with these neck-pec torn 1- 
trunk movements flexion of the fore legs occurred, and this was not 
a passive involvement only, but could be distinctly detei mined as a 
new active movement.” In the anatomical study of these embryos 
the importance of the appearance of numerous sensory collaterals in 
the posterior funiculus fibers of the cervical cord at just the time 
that motility begins is emphasized. In a subsequent stud}>, also using 
the cat, Windle, O’Donnell, and Glasshagle report that spontaneous 
movements were observed in cat embryos 14.5 mm. and 15 mm long. 
These movements took place first in the fore limbs, then in the 
neck. Later "mass movements” develop But, “Simple, local unit 
muscular contractions can be elicited a day earlier than spontaneous 
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mass movements” (30) Fuither, in summary of the elaborate 
histological study of the central nervous mechanisms of the cat fetus 
just at the onset of behavior the following statement is made* 
‘‘Morphologically and physiologically, there is no evidence that the 
concept of a gradually expanding total pattern completely integrated 
from the beginning (CoghiU, *29) can be applied to the first leg 
reflexes of the cat embryo” (26) , Further it is pointed out that 
these movements “appear to be true, local reflexes.” In a more 
recent study Windle, Mineai, Austin, and Orr report an elaborate 
investigation of the rat fetus The results of tins study are not in 
complete agreement with the results seemed by Angulo y Gonzalez 
summarized above In the study by Windle and his collaborators 
great care was taken to differentiate between the responses resulting 
from the direct stimulation of skeletal muscle and the onset of true 
neurally determined responses. By the middle of the 16th day after 
insemination (374 hours) rat embryos began to respond reflexly to 
various stimuli “Flipping the forelimb at times induced a quick 
outward and backward twitch of the limb as a whole or of its distal 
part, depending upon the size of the specimen This lesponse was 
usually unrelated to any trunk movements” (29) Extension and 
flexion of the head, howevei, followed stimulation of the snout. That 
these fore-limb responses are true reflexes and not the result of direct 
stimulation of muscles, these investigators hold for the following 
reasons • 

They were (1) relatively quicker, (2) not necessarily moving 
the member as far as it was capable of being moved by maximal 
contraction of the muscle (3) A noticeable latent period 
usually appeared to follow the application of the stimulus, and 
sometimes summation of stimuli seemed to be effective when a 
single one failed (4) There was no marked tetanic quality of 
the response, the member returning quickly to the normal posi- 
tion (5) One response nearly always seemed to render a suc- 
ceeding stimulus ineffectual for some moments, suggesting a 
long refractory phase (6) The response was quite stereo- 
typed, regardless of where the stimulus was applied the plane 
of reflex movement was the same (7) Its presence depended 
to a very great extent upon the physiological condition not 
alone of the embryo but likewise of the parent rat These 
characteristics appear to be shared by the forelimb, head, 
trunk, and hindlimh reflexes m their earliest development (29) 
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In contrast to the conclusion of Windle that the first responses 
of the rat fetus are reflex in character must be placed a recent state- 
ment of Angulo y Gonzalez (5). This investigator again re-asserts 
the view that the fetus passes through thice stages in the eaily de- 
velopment of 1 espouse — myogenic, neuio-motor, and sensonmotor. 
He also alleges, against Wmdle’s fourth point above, that to minimal 
stimulation myogenic responses allowing quick relaxation to take 
place do, under certain circumstances, occur. Moreover, in an. ex- 
periment reported in this study, a norm for the time required for 
the abolition of reflexes after curare had been injected intraperitoneally 
was established. Using this norm, it was found that after the time 
had elapsed which should have been sufficient to bring about the 
abolition of reflexes, light touching of the fore limb nevertheless still 
gave a response identical with that observed before the curare had 
been injected, On the basis of this experiment it is concluded that 
in the fetuses being studied stimulation of muscle brings about re- 
sponse in independence of the nervous system The age of the 
fetuses on which the experiment was done is, howevei, not specified, 
and this is obviously a crucial point. If the fetuses in question are 
older than the ones in which first responses appear, the result would 
not necessarily be relevant concerning the nature of such very eaily 
behavior, Moreover, the exceedingly transient character of the first 
responses in cat, guinea-pig, and rat fetuses, as obscived by the present 
writers and as emphasized by Windle, makes it seem unlikely that 
the experiment using curare could be carried out on the vciy earliest 
motile fetuses. It should also be emphasized that the first responses 
are apparently very easily influenced by the anesthetic which may 
have been applied to the maternal organism during the preparation 
of the fetuses for observation, and evidence in regard to this factor 
is not given in this last report of Angulo y Gonzalez 
Beside the work just briefly reviewed, there have been some other 
studies which have an indirect hearing on the present pioblcm. 
Notable in this connection is the work on chick embryos which was 
carried on by Kuo (14, 15) and Orr and Windle (16), but this 
need not be summarized here Coronios (11), working in the Brown 
Laboratory, found in a study begun in 1928 on the development of 
behavior in the cat fetus that, in the very onset of such behavior, 
neck flexion, with possible accompanying fore-limb flexion, was the 
first observable movement. In a previous study one of the present 
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waiters reported that the first movement of the guinea-pig fetus 
seemed to be a lateral flexion of the neck and a possibly independent 
movement of the foie limbs (7), This conclusion was made tenta- 
tively because it was based upon too few observations. 

The present investigation was undertaken therefore in order to 
complete the previous study and to settle, in so far as possible from 
behavioral observation, the question, “What is the nature of the first 
fetal response of the guinea-pig?” The hope of the investigators 
was also that indirectly the answei to this question might be expected 
to give additional evidence concerning the question as to whether the 
onset of behavioi in mammals is best to be considered in teims of 
mass-movement involving the total organism or in terms of discrete 
reflexes. 


III. Experimental Procedure 

In general, the same experimental piocedmcs as those dcsciibed m 
a previous paper by one of the present authors were used in this 
study (7) By the employment of these techniques it is possible 
operatively to expose for observation and motion-pictuie lecoidmg 
each fetus as it is to be studied This is accomplished under rela- 
tively normal conditions and after the maternal organism has had 
ample time completely to recover from the anesthetic applied in the 
preliminary operation. Both of the authors were present at each 
experiment reported in this paper and the dictated protocols were 
agreed upon in each case by both. 

In general, the following observational procedure was canied out 
on each fetus studied (1) The uterine vesicle was opened and the 
fetus exposed without injunng the amnionic sac. Observations weic 
made at this point. (2) The fetus was then observed in the clear 
liquid of the sac which was itself under the liquid of the bath 
This observation occupied vatying lengths of time up to seveial min- 
utes and dunng this period no stimulation of any soit was applied, 
save that necessarily induced by the change of pressuies caused by 
the operation and, although this is probably melevant, by the strong 
lights which were directed on the bath (3) If “spontaneous” be- 
havior occun ed, this was noted and photogiaphed by the special 
moving-picture cameia airangement pieviously described (6, 7) 
When the fetus had become quiet, or if no spontaneous movement 
appeared, after a shoit waiting period, external stimulation was 
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applied first by pressing and second by lightly stroking the outside 
of the amnionic sac Ordinarily this was first done so as to change * 
the pressure relations of the liquid sm rounding the fetus, but not 
directly to touch it After this sort of stimulation the fetus was 
more directly stimulated at various points by pressing down but not 
puncturing the sac in such a way that the fetus was directly stimu- 
lated Stimulation of this sort was customaiily applied to various 
cutaneous zones In each case the resulting behavior was recorded 
in protocols and in motion-pictui e records (4) After behavior 
could no longer be elicited, but ordinal ily while the heart was still 
vigorously beating, the fetuses were marked for identification and 
placed in a fixing solution of 5 per cent formalin (5) In selected 
fetuses at varying periods electucal stimulation fiom an inductoiium 
was applied by suitable elcctiodes to various muscle groups (6) 
Aftei .at least six days in the fixative the fetuses were weighed and 
measured, and tins data added to the protocols, The procedure used 
in these measuiements was thus constant and, in spite of changes 
in height and weight which follow fixation (12, 13, 18), it was 
assumed that a bettei relative scale could be secuied in this way 
than by attempting to measure the soft fetus in the salt solution 
immediately after removal fiom the amnion. As only a relative 
scale was required, no corrections of the measurements have been 
attempted Weighing was done on a chemical balance to the nearest 
10 milligrams Although the fetus continually lost weight through 
evapoiation while being weighed, a consistent method was used in 
all cases so that an approximately constant loss was suffered by each 
fetus. 

The crown-rump length of each fetus was detei mined by the use 
of vernier calipers with inside and outside jaws and of outside calipers 
with screw adjustment The fetus, placed on a black background, 
was measured by both instruments. A fairly constant error of 2 to 
3 mm generally existed between the two measurements This sug- 
gested a constant and not a variable erior The individual lengths 
listed in the tables are the aveiagcs of these two leadings. Length 
is always given in tenths of a millimetei, and weight in one- 
hundredths of a gram. 

Table 1 lists the copulation age in hours, the litter averages of 
crown-rump length and weight, individual crown-rump lengths, and 
an indication of the behavior exhibited by each of the 146 fetuses 
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TABLE 1 



included in the 47 litters examined in this study. The litters were 
found to have a lange of crown-rump length fiom 16.0 to 23 8 mm., 
and a weight range of fiom 45 to 1.45 grams. The age lange, 
621 hours to 712 horns, comprises an obseivation period of 91 horns 
The litters are not distributed regularly thioughout this period, how- 
ever, since more than half fall within the first 20 horns. 

Inspection of Table 1 indicates that copulation age is not an 
absolutely accurate basis on which to pi edict behavioral capacity, 
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since certain older fetuses lcmam non-motilc, or exhibit less 
advanced behavior than ccitain younger ones Length and weight 
in the case of a few litters provide a bettci index of behavioral 
development than does age This is not always true, however. 
The inconstancies between measuies of development, such as age, 
length, and weight, and the actual observed bchavioial development 
are probably due to a number of factors, including unsclected genetic 
stock, and in the case of copulation age, variations in the tune re- 
quired for fertilization to take place aftei copulation (34). At the 
age studied in this work, the fetal organism is undoubtedly susceptible 
to slight changes in its cnviionment, either intei nal or external, and 
this fact has piobably influenced adversely the regulanty of the re- 
sults. This variation must always be remembered when discussing 
behavioial development in terms of any one of the three independent 
variables, age, length, and weight. 

Position in the uterus was found to have no apparent constant 
effect on fetal development. There was a slight but piobably not 
significant tendency for the last fetus examined in a litter to be less 
active than the ones examined earliei, but in some cases the last 
fetus was active while intermediate ones were inactive 

In view of these facts, it has been decided to discuss the behavioral 
development in terms of copulation age, keeping in view, at the 
same time, the imperfections of this measure. 

As noted in Table 1 certain fetuses were non-motile, in the sense 
that no active responses weie obscived to be made by them That is, 
in such organisms responses involving skeletal muscle contraction, 
save as a result of special electrical stimulation, did not appear Two 
types of activity did show themselves in such organisms, however 
The first of these was passive head and body vibration brought about 
by the beating heait. Movements of this sort were observed in non- 
active fetuses, both before the onset of motility and after. These 
passive movements could also be still seen in a numbei of fetuses 
which had passed through a period of true behavioial activity, but 
from which no further active responses could be elicited The second 
of these pre-reflex types of movement was the lesult of myogenic 
stimulation by electrical means, No complete systematic investiga- 
tion of myogenic contraction was carried out, but sufficient observa- 
tions were made to deteimine its presence to electrical stimulation 
in non-motilc fetuses, and in fetuses which had just previously been 
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active, and to identify certain of its characteustics In eatly fetuses 
faradic stimulation was used successfully in this study in eliciting 
direct muscle responses, whcieas other types of stimulation such as 
stroking, flipping the limb, and tapping did not seem ever to have 
been adequate to elicit such responses It should be emphasized that 
fetuses exhibiting no active movement would respond to faradic 
stimulation and that fetuses from whom no fuithei active movements 
could be elicited by tactile stimulation also gave myogenic contrac- 
tions, Muscle groups which had not been contracted dui mg what 
we wish to call the period of true motility also responded to elec- 
trical stimulation. 

The facts summanzed in Table 1 show that roughly with in- 
creasing age tile number of fetuses to show skeletal muscle responses 
increases and the number of motor mechanisms to be active in such 
fetuses also increases Ail of such responses are held by the wnteis 
to be of the leflex type, The non-appcai ance of behavior in the 
youngest fetuses may be attnbuted to lack of development, especially 
of the neivous system, but the fact that one or more fetuses in 
litters, the other members of which had shown activity, were often 
inactive, although showing all the external signs of being ready for 
activity, suggests that even in the earliest fetuses unknown factors 
beside meie neural immntunty may influence the failure of behavior 
to appear Since this study deals with so large a number of litters, 
it is felt that such vaiiable factois may be consideicd to have been 
largely ruled out Table 1, therefore, may be taken to present a 
reasonably typical picture of the time of onset of behavior in this 
organism It cannot be emphasized too strongly, howevei, since 
neither copulation age nor height nor weight is an absolute index 
of behavioral capacity, that it is impossible to say, for example, 
whether neck or fore-limb flexion is really the fust movement to be 
observed in these organisms. The full qualitative description of the 
very first responses of the guinea-pig htus summarized under the 
headings of movement of the neck and fore limbs and trunk in Tabic 1 
is by no means a simple task It should also be noted that in the 
protocols many amplifying descriptions of the early responses arc 
given The categories used in the table seem to us to be the most 
adequate phrases available, but at best they are incomplete descnp- 
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tions of the movements as described from actual observation and fiom 
th ( e study of motion-picture records 1 

Table 1 also shows that the very first recorded movement occuired 
in a fetus 622 hours old. Previous investigators, Preyer (17), 
Yanase (33), and Carmichael (7), had set the onset of behavior fiom 
24 to +8 horns later than this. This first recoidcd movement was 
a simple ventral flexion of the neck which biought about a very 
slight bowing of the bead In a fetus not significantly oldei, how- 
ever, a fore-leg movement which involved a slight but active flexion, 
with articulation at the shoulder, occuired In this same fetus a 
slight dorsal flexion of the neck, or, as it is sometimes called, head 
extension, also took place. That these two responses were not part 
of any general pattern of behavior, howevei, is demonstt ated by the 
fact that they did not occur at the same time Lateral neck flexion 
first took place in another fetus of this same age 

The vciy transitory character of these first movements must be 
given strongest emphasis. Typically in the youngest fetus they are 
seen but once. Tliciefore every effort had to be made to have them 
watched by two or more experienced observers and to have them 
adequately recorded in motion pictures. That these first movements 
are not myogenic, but are rather true reflexes is suggested by this 
very transitoiy natuie In the youngest fetuses movement takes place 
only after touching the outside of the amnionic sac in such a manner 
as to stimulate the fetus One or at most two or three responses 
can be elicited by such stimulation, and there is always a refractory 
period of a number of seconds between successive effective stimula- 
tions In very cailv fetuses after the amnionic sac had been removed 
no response of any so it, save to electrical stimulation, was elicited nr 
the material of this study It seems, therefore, that the first response, 
or at most the first two or three responses, so alter the organism 
(and presumably the central-neivous-system connecting mechanism) 
that a long refractory, or indeed possibly better, fatigue peiiod, is 
set up, The changes which take place in this period in any case 
are of such a permanent soit as to make further stimulation and 
response during the experimental period impossible 

It seems, therefore, quite incredible that curare could be admin- 
istered to fetal guinea-pigs during the very early motile period in 

^unds for the purchase of this film were generously piovided by a 
grant-in-aid of research by the National Resenrch Council 
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the way described above by Angulo y Gonzalez. After the neces- 
sary disturbance of the animal brought about by the injection of the 
drug and after the stipulated waiting period, no true reactions of 
the transitory sort which alone occur m this period could possibly 
be expected. In this connection, it should be noted that, after the 
one or two neck reflexes or limb leflexes have occurred, the muscle 
of neck or limb still seems, to Inspection by the lens, to be in 
completely normal condition, as fetal circulation, indicated by a 
stiongly beating heart and a pink coloi, always continues duiing this 
period in any fetus whose record is used It is also just as possible 
to stimulate the limb electrically after what we believe to be reflex 
movement has appaiently been foicvei abolished as it was before 
such abolition occurred 


TABLE 2 


Peuod 

I 

II 

III 

IV 

Hours 

621-631 

632-642 

643-666 

667-712 

No fetuses 

38 

43 

29 

35 

Per cent active 

t9 

51 

45 

SO 

Number active 

12 

22 

13 

28 

Neck flexion 

Dorsal 

9 

13 

10 

2 

Ventral 

S 

4 

1 

3 

Lateral 

4 

16 

6 

IS 

Fore leg 

Flexion 

9 

20 

12 

25 

Extension 

1 

4 

2 

5 

Independent 

3 

12 

8 

24 

Trunk flexion 

Lateral 

0 

0 

4 

11 

Dorsal 

0 

0 

0 

1 

Ventral 

0 

0 

0 

2 

Hind-leg motility 

0 

0 

0 

6 


Table 2 piesents in a different form a summary of part of the 
data found in Table 1 In picsenting the results of the investigation 
the fetuses studied have been giouped into four periods according to 
age During the first pciiod, 11 houis in extent, it is seen that, as 
indicated above, dorsal neck flexion and fore-leg flexion bad an equal 
fiequency of occuirence, each being observed nine times 

Directly after this first period changes in behavior may be noted 
These changes are summarized in the data listed under Period II, 
which was also eleven hours in extent. 




260 


C S BRIDGMAN AND LEONARD CARMICHAEL 


The appearance of trunk flexion occurred at the 643rd horn, and 
this type of response was seen with gradually increasing frequency 
in later litters. Thus* although the relations between do i sal and 
lateral neck flexion and fore-leg flexion remained essentially the same 
duiing the third period, the occurrence of lateral tiunk flexion with 
lateral neck flexion made this sort of behavior more and more out- 
standing With the almost complete disappearance of dorsal flexion 
after the 666th hour, the only other component of behavior with a 
comparable frequency during the fourth and last period of 46 horns 
was independent fore-leg flexion. 

Hind-leg movement was first seen in a fetus 676 hours old, and 
vential and doisal trunk flexion occurred at 697 and 70S hours le- 
spectively Of these, hind-leg motility undoubtedly would have in- 
creased greatly in frequency with fuither observations, as has been 
shown in a previous study by one of the writers (7), During the ex- 
amination of the oldest litters, a few flexions involving the more distal 
joints began to appear, but heie again the period of observation was 
not sufficiently extended to allow further investigation of this aspect 
of development 

Tile description presented in the paragraphs above has offcied 
some indication of the frequency of occurrence of various types of 
behavior, but little has been said concerning the extent to which 
these elements appeared together. Although each element was readily 
identifiable pt n]J times, each did not always ippear separately. On 
the conti ary, simultaneous or sequential occuirencc of separate be- 
havior acts was sometimes noted in the behavior at all ages. It was 
found in the latci fetus that almost any movements, save those in- 
volving antagonistic muscles, might appeal at the same time, and 
that even responses dependent upon the activity of antagonistic 
muscles might appear in immediate succession. Certain of these 
combinations of responses appeared frequently enough, and in a 
sufficiently constant form, to warrant the use of the term "pattern” 
in their description Nothing more need be implied by tins term, as 
used in this sense, than that the same or approximately the same 
behavior or sequences of behavior were observed fiom time to time. 
It should be remembered, however, that at no time during the de- 
velopment observed did behavior that can even in this limited sense 
be called patterned” entirely take the place of independent move- 
ments 
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The first movements to occur simultaneously were dorsal neck 
flexion and an independent fore-leg flexion. Thereafter, throughout 
the period studied, a characteristic type of motility involved a con- 
comitance of leg flexion with whatever sort of neck movement was 
predominant at the time But it must be emphasized that these leg 
and neck movements occurred alone a sufficient number of times at 
all ages to demonstrate that they were not in any sense one ‘'general” 
movement. 

The next “pattern” which may he described is that formed by the 
combination of dorsal and lateial head movements. This frequently 
took place in such a way that apparently the head was slightly 
rotated with respect to the body. As intimated above, leg movement 
was also often combined with these responses. Here again each 
component of this pattern was seen separately, even when the ‘‘pat- 
tern” was statistically at the height of its frequency. 

With the development of lateial flexion to the almost complete 
exclusion of other types of head movement, as described previously, 
the patterns mentioned above no longer appeared The most char- 
acteristic behavioi which now appeared was a combination of lateral 
neck flexion and fore-leg flexion It should again he noted that in 
this pattern, as well as in the others in which leg flexion played a 
part, the leg component often had no definite temporal relationship 
to the other movements. That is, tile leg movement might follow 
or be followed by the neck movement, or the two might occur 
simultaneously. 

Probably the most consistently appearing “pattern‘d was that of 
trunk movement occurring with a similar type of neck flexion. Even 
in this case invariability of occurrence did not make itself apparent, 
since, as described above, separate, isolated, localized contractions of 
the trunk alone or of the neck alone did appear. 

Another very consistent sort of behavior was formed by the se- 
quential combination of lateral flexions to one side and then 
the other. Such bilateral flexions which may be described as 
"C-” and "revcrse-C-” movement or as the beginning of 
movement appeared often when a lateral flexion took place which 
also included trunk flexion in the older fetuses of this study 

Fore-leg extension was similar to fore-leg flexion in that it ap- 
peared separately and m conjunction with the prevailing head move- 
ments Hind -leg motility, the few times it was obseived, occurred 
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usually with trunk, neck, and fore-leg movement, but independent 
responses were also probably noted, although the frequency of such 
reports is not such as to make the observation conclusive. 

In the very earliest stages, the duration of the period of active 
movement was, as has been noted, extremely short, being limited at 
times to the elicitation of a single weak response As the age of 
the fetuses increased, the period of motility became longer, reaching 
several minutes toward the end of the period here studied The 
movements, moreover, besides exhibiting the development desciibed in 
the preceding sections, gradually increased in magnitude. 

In the piesent study, so-called “spontaneous behavior,” that is, 
responses not resulting from any stimulus directly applied by the 
experimenter, did not appear until after stimulus-released behavior 
had been observed. Movement in response to stimulation appeared 
as noted as early as the 622nd hour, but spontaneous behavior did 
not appear regularly until after the 636th hour. It is important 
to note that when this so-called spontaneous behavior did appear it 
fell directly into the categories of neck and limb reflexes already 
described. A characteristic type of spontaneous behavior was, for 
example, a single fore-leg flexion without any other observable move- 
ment The finding that “spontaneous” behavior followed in time 
stimulus-released behavior contradicts the previous finding of one 
of the authors (7) The previous statement either failed correctly 
to interpret the stimulation resulting from opening the uterus or was 
based upon too few organisms. 

IV Conclusions and Discussion 

On the basis of the foregoing results, certain of the questions con- 
cerning the nature of the first responses in the fetal guinea-pig can 
be answered, and others fruitfully discussed 

1 Prior to the onset of behavior in the fetal guinea-pig, myogenic 
contractions can be elicited from certain muscles. That these early 
responses are truly myogenic, and not sensory-motor responses, there 
is little doubt, because of their character, particulaily as compared 
to later movements. 

2 Active behavior in the fetal guinea-pig begins in the last hours 
of the twenty-fifth day Previous observers had placed the onset at 
least one day later than this 
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3 True behavior, that is, response that results from stimulation, 
and which is secondarily induced by nervous discharge, can be 
elicited 10 to 14 hours before "spontaneous” behavior appears. These 
stimulated responses are of a sufficiently different character from the 
earlier myogenic contractions to be classified as active, i e., involving 
neural activity The differentiating characteristics can be summai- 
ized, as was true in the case of myogenic contractions, by emphasizing 
certain of the criteria of the reflex summarized by Wmdle. In this 
study behavior taking place after a very long latent period often fol- 
lowed stimulation This period was apparently much longer than 
any of those reported in the rat by Angulo y Gonzalez, m which 
myogenic contractions to just adequate stimulation were determined 
to have a latent period (5) A second criterion was fulfilled by 
the responses observed in this study, in that they could either not 
be obtained successively or, if ehcitable more than once, were onlv 
so ehcitable after a long latent peiiod. Third, the active responses 
given upon stimulation were always the neck, limb, or trunk re- 
sponses already described, whereas responses to faradic stimulation 
might involve entiiely different movements. Dependence of these 
early responses to stimulation upon the condition of the parental and 
fetal organisms, another of Windle’s cntena, is attested by their 
highly transient nature Since these responses soon disappear, yet 
the responses to faradic stimulation persist, the conclusion seems 
warranted that the former are of a different nature from the latter, 
and that this difference is connected with the activity of the nervous 
system. Were the curanzation test of Angulo y Gonzalez applied 
to these responses in the guinea-pig, it is certain that the early re- 
flexes would disappear, since none of the earliest responses could he 
aiouscd by any means save electiical stimulation after the time neces- 
sary for such an experiment to be performed had passed 

In addition, it may be noted that the stimulation generally used 
in this study was not of the sort that had been found effective in 
bringing out myogenic responses. The fact that muscles not in- 
cluded in the active movements could be induced to contract to 
faradic stimulation is added evidence for the difference in character 
of these two types of responses Also, spontaneous behavior when it 
arose was little different from the eailier stimulated behavior 
The nature of spontaneous behavior is directly related to the 
problem discussed above The correspondence between responses to 
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general stimulation and spontaneous responses, along with a knowl- 
edge of the conditions under which the fetus is delivered fiom the 
utcius, have resulted in a belief on the part of the present writers 
that much of the so-called spontaneous behavior observed is due to 
proprioceptive or pressure stimulation attendant upon such dehveiy 
Stimulation resulting from this operation would correspond rather 
closely to the intentionally applied stimulation, and this intei pretation 
would aid in explaining the similarities between behavior arising in 
the two situations It is realized, however, that this explanation 
is not adequate to account foi all spontaneous behavior, since much 
of it occurred only after a relatively long period of quiescence fol- 
lowing the delivery of the fetus from the uterus In this connection 
the strong lights of our obscivation apparatus may possibly have been 
effective stimuli, or some unrecorded vibration may have been im- 
portant. 

The appearance of spontaneous behavior at a time later than the 
onset of behavior in response to applied stimulation may, it seems, 
be interpreted as favoiing an activated receptor mechanism for the 
origin of spontaneous behavior This mechanism might be either 
proprioceptive or exteioccptive Such a receptor mechanism might 
not be sensitive enough, possibly because of incomplete central nervous 
system connections, to be stimulated by the changes occurring upon 
delivery from the uterus, such as circulation and pressure changes, 
but nevertheless open to stimulation by moie vigorous experimentally 
applied stimuli Fuithcr investigation of such spontaneous behavior 
should prove profitable, and might lead to a better understanding of 
what is now typically called "drive/’ and its relation to extero- 
ceptively stimulated behavior. In any case it is obvious that con- 
clusions based upon the important obseivation on the significance of 
endogenous stimulation in the onset of behavior of the toadfish, made 
by Tracy, must he applied with great caution to the present mam- 
malian fetus. 

4 The first active responses of the fetal guinea-pig are definite 
m character, and involve movements of the head, brought about by 
contraction of the neck muscles, and of the fore leg. The evidence 
is as yet inconclusive concerning which of these components arises 
fust. 

5 It is seen that, from the earliest period, the neck and limb 
responses occur sometimes together, and sometimes independently, 
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and that throughout the developmental period studied, independent 
elements of behavior are present at all times* That is, no gradual 
progressive “individuation" of the specific responses out of a total 
pattern is seen Although certain patterns of behavior are observed, 
no one of these can be said to “dominate" the behavior of the 
organism It may well be that the occurrence of “patterns of be* 
liavior" in response to stimulation, as reported by some observers, 
is explained by the natuie of the stimulus used and the propriocep- 
tor or “movement-produced" stimulation biought about by the initial 
responses themselves rather than by any “pattern" in the central 
nervous system. 

6 Because of the simple and specific nature of much of the 
earliest behavior of the fetal guinea-pig, it is thought that these 
responses may advantageously be described as reflexes. Moreover, 
no need to use such words as “generalized," “totally integrated," or 
“non-specific" in the description of this behavior has arisen The 
term reflex is employed m spite of a realization of the difficulties 
involved in defining it in a way that will satisfy all students. This 
word is here used to imply mfeientially the presence of sensory, 
central nervous and motor nervous elements in the mediation of the 
relatively simple responses to stimulation which are described in this 
paper. 
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THE COMPARATIVE BEAUTY OF THE FACES OF 
HIGHLY INTELLIGENT ADOLESCENTS 

From the Department of Psychology of Teachers College, 
Columbia University 


Luta S Hollingworth 


The Problem Stated 

How do intellectually gifted peisons compare with the popula- 
tion at laigc, in icgard to beauty of the face ? This question has 
been much discussed, but little studied It is popularly supposed, 
as set forth in cartoon, caricature, and story, that a high degree 
of intelligence tends to exclude beauty of the person, especially in 
the case of females, A collection of cartoons covering this subject 
may easily be made, in which the highly intellectual person, child, 
youth, 01 adult, is pictuied as characteusttcally bespectacled, solemn, 
high-browed and “sicklied o’er with the pale cast of thought.” 

A study of the relationship between beauty and intelligence, 
involving college students, made by Hollingworth (3) yielded a 
positive correlation of .40 between beauty as estimated by associ- 
ates of two years' standing, and intelligence as elicited by scores 
on tests This amount of positive relationship between beauty and 
intellect, obtained on a group so restricted in the latter trait, leads 
to the hypothesis that between groups widely separated in respect 
to intelligence, distinct differences in beauty would be expected to 
appear, in favor of the more intelligent. 

Also, recent studies by Mohr (7) and by Mohr and Lund (8) 
revealed that ratings of 25 college students by 25 othei college 
students for beauty, or physical attractiveness, correlated positively 
though slightly with scholarship and with intelligence 

The present study was restiicted to beauty of the face, head and 
shoulders entering also in a minoi way into the composition of 
the pictme, It would be desirable to study by the methods here 
used the actual faces of peisons proved to be of high degrees of 
intelligence This is, however, scarcely feasible for vai ious rea- 
sons. We wished to employ the oulci-of-mcnt method, and the 
method of rating. For each face appraised we wished to have ten 
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different judges who would be total strangers to those judged, 
in older to avoid the ‘'halo” effect (9) which enteis into the judg- 
ment of anj trait when those judged aie personally known to 
judges, or when any characteristic of the judged is known. To bung 
together lepeatedly for purposes of comparison forty or more pel- 
sons is not feasible. Furthermore, pci sons do not readily submit 
voluntanly to the embauassment of repeated and long continued 
comparative inspection by strangers. 

All things considered, the best material for our purposes was 
decided to be photographs, made uniformly, unretouched, and large 
enough to show details of physiognomy clearly. In photographs, 
certain elements of the person aie lost, c g., color and movement 
There remain contoui, shape, piopoitions, ensemble of features, 
and facial expiession to form the basis of impression upon the 
beholder These elements had uniform oppoitunity to appeal in 
both of oui comparative gioups. 

The Meaning of Beauty 

Beauty is hard to define for those about to judge it. Basically, 
beauty is a psychological experience of the beholdei Standards of 
beauty vaiy greatly from person to person and fiom period to 
period. To avoid argument about taste, and to cover as completely 
as possible the concept we ouiselves had m mind, i.e, the attiac- 
tiveness of the face, we used tlnee terms in instructing oui judges — 
“good looks,” “physical attractiveness,” and “beauty ” 

Blonsky (1), leccntly questioning peisons of various ages as to 
what beauty of a human being is, elicited that beauty lies in “A 
healthy, young, mentally and physically strong personality ’* “This 
is, bio-psychologically considered, the highest type of person It is 
the ideal-type It is the beautiful human being Human beauty 
lies in that which wc recognize as biologically and psychologically 
the highest type of peison, namely the most worth while peison ” 
When asked what constitutes human ugliness, the replies of re- 
spondents easily grouped themselves under a few categoncs For 
adults (with whom, we are concerned m our study as judges) four 
classifications were found' (1) the morally degraded, (2) the dirty 
and dusty, (3) those of bestial appearance, (4) the sickly. 

We did not discuss the standaid oi criterion of beauty with our 
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judges, although some of them (especially the Chinese who later 
judged one of our senes foi anothei put pose, and are ref ci red to 
in connection with our conclusions here) raised the issue Each was 
directed to rcndei his appraisals according to his own interpretation 
of "physical attractiveness/’ "good looks,” and "beauty." 

Selection of the Subjects 

The Highly Intelligent Gioup, In 1922, a group ot young chil- 
dren, then 7 to 9 years old, testing between 135 IQ and 190 IQ 
(S-B) was b: ought together at Public School 165, Manhattan, in 
New Yoik City (2). Fiftv-six of these children stayed together 
for three years, in the elementary school, and became permanently 
known to those who had had their education in chaigc When, in 
1929, they were being graduated as adolescents from senior high 
schools, each of them was invited to have a photogiaph taken "for 
purposes of the study of photogiaphs" Ninety per cent of these 
adolescents were 14 oi 15 years old in 1929, when photographed 
The remainder weie either 13 or 16 years old The median IQ 
(S-B) of the 40 who weie photographed was 152, the median for 
the whole group being 153 

Such a group of adolescents is ideal for the study of the matter 
here under consideration, for they had been selected years previ- 
ously with great care by individual mental tests, at a time when no 
interest whatever was taken in physiognomy. They were selected 
in childhood on two bases only, neither of which conceined their 
beauty (1) they must achieve at least 135 IQ (S-B), (2) they 
must have parents’ permission to attend Public School 165, Man- 
hattan. Mental tests are uninfluenced by beauty, and probably 
the same is true of patents’ pei mission. In 1933, these persons 
were again tested, and were found to rate as adolescents in the top 
centiles of the adult population (4), the superiority levealed in 
childhood being thus proved not to be evanescent. 

The Conti ol Gionp. The subjects of the control group were not 
selected until 1930, and were nevei personally seen by the investi- 
gator. They were found in the following way. Between 1922 
and 1930, Public School 165, Manhattan, had become a junior high 
school, and the class being giaduated thcrefiom each year was of 
age equal on the mean to that of the adolescents above 135 IQ, 
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whose photogiaphs had been obtained in 1929, Being from the 
same school, they represented the same racial stocks as those found 
among the lattei 

To find a suitable control group, representative of ordinary intelli- 
gence, among these pupils, we made selections upon the following cri- 
teria (1 ) to be 14 01 15 years old ; (2) to be of the white lace ; (3) 
to fall not below 90 IQ nor above 110 IQ, by the group tests given 
in this school , (4) to consist of 13 boys and 7 gals (coi respond- 
ing to the piopoition of boys to girls obtaining in the group of 
primary intciest) 

With these criteiui as guides, wc took the register of pupils 
about to be giaduated tiom Jumoi High School 165, Manhattan, 
and went through the names alphabetically ananged, checking each 
pupil corresponding to our ciitcna, until names had been lecorded 
of all meeting the conditions Then lettcis were issued to these 
37 pupils and their patents by the principal of the school, lequcst- 
mg the use of their photogiaphs for purposes of educational leseaich 
Of the 37 addressed, 23 granted pci mission foi the use of photo- 
graphs These were cheeked for racial dciivation, and their cor- 
respondence with the racial origins of our gifted group was veri- 
fied. 

Description of Photographs 

The photographs of both gioups, gifted and controls, were taken 
by the same photogiapher, with the same camera, in the same 
studio, with the same lighting, in the same way, were printed on the 
same photographic paper and were made up m the same style of 
folder. All subjects were photographed in oidmaiy indoor cloth- 
ing, without hats. All photographs weie 8x10 inches, and were 
finished in dark gray All were of head and shouldeis, to the same 
extent All showed both eyes of the person photographed. 

The focus of the camera upon the face was not mathematically 
prescribed, but was left, within limits, in all cases to the photogra- 
pher. The limits of focus prescribed weie that no profiles should 
be taken, and that both eyes must be fully visible in every photo- 
graph. Under these limitations, the photogiapher took two proofs 
of each subject, and the investigator chose between the two the orle 
which seemed clearer in every detail. No retouching whatever was 
done on any photograph. 
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As a check upon the amount of face exposed in the comparative 
groups, the visibility of the ears was determined for every subject. 
These results appear in Table 1. 


TABLE I 

VISIBILITY OF THC EARS IN' PHOTOGRAPHS OF THE COMPARATIVE GROUPS 



Series I 
Adolescents 
of IQ 
135-190 

Adolescents 
of IQ 

90-110 

Series II 
Adolescents 
of IQ 
135-190 

Right car visible 

3 

4 

1 

Left ear visible 

4 

3 

3 

Both cars Visible 

6 

6 

9 


Furthermore, in the case of boys, the angle from which the 
camera was focused was ascertained by measuring the distance in 
mm. from the point midway between the eyebiows to each edge of 
the head The greater distance divided bv the smaller yielded a 
ratio, indicating the angle. A ratio of 1.0 would show that the 
subject photographed was squarely facing the camera This meas- 
urement was not reliable in the case of gills, because of the various 
arrangements of the hair. The lesults for the 13 boys of each 
senes and for the controls appear in Table 2, showing about equal 
amounts of vaiious angles of focus in all comparative groups. By 
inspection, the girls seemed to be posed at the same angles of focus 
as the boys 

Avoidance of Fallacies of Selection 

The Highly Intelligent Group There being no compulsion upon 
the highly intelligent adolescents addiessed, not all responded to 
the invitation to be photographed. Only 40 of the 56 did so This 
failure to obtain a complete response created the probability of 
a fallacy of selection The 16 “missing” individuals might well 
be those who regarded themselves as inferior in appearance, or 
might be selected on some other basis which would render the 40 
who participated unrepresentative of then intellectual group, as con- 
cerns beauty. 

To determine the extent of possible selection, judgments of 
beauty were at hand for the total group of the highly intelligent, 
obtained as follows 
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TABLE 2 

Showing by Ratios the Ancle of Focus of the Camera Upon the Faces, 
in All Comparative Groups 
(boys only) 

On the scale used, 1 is the highest degree, 3 13 the average degree, and 
5 is the lowest degree of attractiveness 


Ratios 

Series l 
Adolescents 
of IQ 

135-190 

Adolescents 
of IQ 

90-110 

Series II 
Adolescents 
of IQ 
135-190 

1 2 

1 


1 

1 3 

1 



1 + 




1 5 

1 



1 6 

2 



17 

1 


I 

1 8 


1 

3 

1 9 


1 


2 0 

1 

2 

1 

2.1 


2 


22 


1 

3 

23 


2 

3 

2.+ 

2 

1 


2 S 


1 


2.6 




27 

2 



28 

1 



29 


1 

1 

3 0 


1 


3 1 




32 

1 




The 56 adolescents were m 1929, when their photographs were 
taken, distributed among sixteen different high schools. In every 
case judgments of “beauty’' were obtained (5) by securing ratings 
from two teachers independently, on a scale of degiees of beauty 
fiorn 1 to 5, 1 being "very beautiful,” 3 being “average,” 5 be- 
ing "very unatti active.” The appraisal of each judge could thus 
be obtained in degrees. Combining the two independent judgments 
thus rendered, the scoie for "beauty” was determined which was 
used to distribute oui sample of 40 against the total group invited. 
The distribution yielded the means and medians which appear in 
Table 3 

From this comparison it appears that the forty adolescents whose 
photographs were studied were truly representative as concerns 
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TABLE 3 

Showing the Attractiveness or the Sample of Highly Intelligent 
Adolescents Compared With that or the Total Population fhom 
Which it was Derived, According to the Judgments 
of High School Teachers 

Our sample (?r=40) is representative of the total group («= 56) 


Adolescents 
of IQ 

135-190 

n 

Mean of 
teachers' 
rating 

AD. 

Median of 
teachers' 
rating 

M V 

Sample studied 



±0 50 


±0 45 

Total group 


■I 

±0 SO 

HH 

±0,35 


beauty of the total group of those addressed, in the judgments of 
high school teachers who knew them well, at the time the photo- 
graphs were taken. 

The Control Gioup of Ordinary Intelligence In the case of 
the control group, there existed the same probability of a fallacy of 
selection, since some of those eligible and invited did not respond. 
This difficulty was approached by seeming from the photogiapher 
who photographed the entire giaduating class from Junior High 
School 165, Manhattan, photographs of one hundred per cent of the 
graduating class from which our respondents were derived. There 
were 95 pupils in the gioup who were of the white race These 
95 photogiaphs were then submitted to six well-educated adults, 
who judged them independently ot one another, according to the 
following instructions 

Please sort these photographs of adolescents into 5 piles, on 
the basis of good looks (beauty) Into the first pile put those 
whom you would regard as the beat quintile, in the second pile, 
those next to the best, etc , till in the fifth pile you have those 
rated by you as the least good looking fifth (quintile) of the 
group As there are 95 photographs, you will have 19 in each 
of your piles when finished First distribute the boys Then 
distribute the girls, Please signify when you have the 5 piles 
completed 

According to the composite judgment thus rendered, the twenty 
photographs finally selected in the formation of our control group 
were fairly representative of the total population from which they 
were derived, rating as in Table 4 A mean qumtile rank of three 
would indicate a perfectly representative sample of the 95 gradu- 




comparative bfauty of intelligent adolescents 275 


TABLE 4 

Showing the Attractiveness or the Sample of Adolescents of Ordinary 
Intelligence Compared with that of the Total Population from 
Which it was Derived, According to the Judgments or Srx Adults 
Our sample (71=20) is representative of the total group («=95) A score 
of 3 is indicative of exactly typical attractiveness. 


Subject 

Score 

Subject 

Score 

Subject 

Score 

4c 

3 16 

43 c 

3 33 

/75c 

4 66 

10c 


51 r 

3 33 

/76c 

1 83 

14r 

1 66 

54c 

2,16 

<7lSc 

1 50 

21c 

3 66 

60c 

1 66 

/720c 

1.50 


3 33 

69c 

4 00 

ff21c 

4 A6 

44c 

2 50 

70 c 

3.33 

{/29c 

2 00 

45 c 

2.66 

g\c 

3 33 




ates, as respects beauty Of the 23 respondents, those were cast out 
who deviated farthest from three in the ranking achieved, to find 
the final 20 The median IQ of the 20 pupils whose photographs 
compose our contiol group was 102, according to the group tests 
given regularly in the school. The median IQ of the graduating 
class from which they were derived was 108, 

It is seen that we obtained a mean quintile ranking of 2 89—0 8 
for beauty of the sample used as a control group, in comparison 
with the total of graduates Our 20 photographs aic, therefore, 
fairly repiesentative of the population desired for purposes of com- 
parison No significant fallacy of selection affects our data, as 
concerns beauty. 

Selection of the Judges 

The use of the oider-of-mcrit method and of the method of rating 
implies an adequate number of independent judges In the appraisal 
of each of the two senes of photographs finally formulated, ten 
judges participated, making a total of 20 difteient judges involved. 
These were graduate students of education and their spouses, clus- 
tering between 25 and 35 years of age, except for two professois 
who were older Each judge appraised one series of photographs by 
both methods mentioned Those judging Series I did not judge 
Series II. Those judging Series II did not judge Series I. Thus in 
each of the two scries of faces studied, not only the faces are differ- 
ent (the control group alone remaining the same), but the judges 
too are different 
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Each judge worked in a room alone, except for the presence of 
the investigator. There was no consultation among judges. They 
worked whenever their leisure happened to coincide with that of 
the investigator, so that the judging by the 20 judges extended Over 
a peuod of months. It required, on the average, about tvvo Con- 
secutive horns for a judge to complete the judgment of a series of 
photographs, by both methods 

All judges were completely naive as to the real purpose of the 
expeifment. All were entire strangers to all of those photographed. 
None was informed as to the comparative quality 01 qualities of those 
represented in the photographs. No information whatever was at 
the disposal of tile judges, except that transmitted in the instruc- 
tions by which they worked 


Thu Unit of Scrutiny 

Even with adult judges, the number of items that can be truly 
compared each with the others, within one unit of scrutiny, is lim- 
ited, Since individual order-of-meut comparisons were wanted, pre- 
liminary trials weie made with two adult judges, using 40 and then 
all 60 photographs as a Umtaiy task. It appealed that 60 items of 
this kind were psychologically unwieldy, and that 40 made a much 
more nearly optimum number, both as objects to judge and as objects 
to handle. 

"We therefore divided our 40 photogiaphs of the highly intelli- 
gent into two separate series of 20 each. This division into Senes I 
and Series II was accomplished “blindly," as follows, 

The 14 girls were placed in a separate pile, Then, all photographs 
being concealed Within their folders, they wcie made into two piles 
by dealing left and right, first fiom the boys, then from the girls 
This procedure yielded two random series of 20 each, composed each 
of 13 boys and 7 girls, Each photograph of the total 60 involved 
was then numbered on the back of its foldci with an identification 
number in cipher. 

The unit of scrutiny consisted in nil cases of the 20 photographs 
of the control group mixed alternately with the photographs of a 
series of the highly intelligent This made 40 photographs in a unit. 
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The Order-of-Merit Method 

The pile of 40 photographs thus formed was placed before the 
judge by the investigator, with the following typed instructions • 

You will find here 40 photographs of adolescents, from the 
population of New York City None is younger than 12 and 
none is older than 25 years o£ age Please judge them for 
good looks (physical attractiveness) The photographs are to 
be placed in 5 piles of 8 each. Look them all over. Then 
place in the first pile the 8 who are least attractive In the 
second pile place the 8 who are next to the least attractive, and 
so forth, till the 8 moat attractive faces are in the fifth pile. 

Then take each pile of 8, and arrange the faces theiein in an 
order of attractiveness, from least to most When you have 
finished, Number 1 will be the least attractive, and Number 40 
will be the most attractive face, all faces being in an order 
of merit for beauty First plnce the boys Then place the 
girls. Ask questions about the procedure, if you need to, but 
there will be no consultation as to the relative beauty of the 
faces studied 

Procedure in Scot mg fo? the Oi der-of-Mertt, When the order of 
merit had been thus achieved for a given judge, this order was 
recorded When all ten judges had completed their judgments, the 
mean and the median of the ten were found respectively for each 
photograph scrutinized. These central tendencies constitute final 
values of each photograph, as regards beauty 

These values were then distributed, the values for the intelligent 
and for the controls being kept separate. The median and the mean 
value for each group was then determined, to constitute the final 
comparison between intelligent and controls. 

When Series I had been completed, the 20 control photographs 
were mixed alternately with 20 photographs of Series II, and the 
same procedure was can led out as described foi Senes I, with ten 
different judges, Resulting values for all photographs of Senes II 
were found in the same way as for Scries I The total lesults for 
both Series I and Series II are seen in Table 5 

Judgments by the Method of Rating 

Proceduie When a judge had completed the oidci-of-ment pro* 
cedurc, and the result had been recorded by the investigator, the 
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TABLE 5 

Showing Means and Medians of Ten Combined Orders or Merit for 
Attractiveness, Assigned by Naivb Judges, to Photographs oi Highly 
Intelligent Adolescents, and to Adolescents op 
Ordinary Intelligence 


The higher values denote the more attractive faces In each Series, w I =40 



Senes 
Adolescents 
of IQ. 
135-190 

I 

Adolescents 
of IQ 
90-110 

Senes 

Adolescents 
of IQ 
135-190 

II 

Adolescents 
of IQ 

90-no 

Values 
based on 

Median 

22 73 

18 48 

24 03 

16,85 

medians 

MV 

±8.18 

±6 98 

±7.08 

±7 02 

of the 

Mean 

24.25 

16.50 

25 25 

14 75 

order of 

AD. 

±7 00 

±4,75 

±6 25 

±525 

merit 

Values 

Median 

23,15 

16 IS 

23 70 

1625 

based on 

M.V 

±6 70 

±3 55 , 

±3,70 

±4 25 

means of, 

Mean 

22 3 9 

18,66 

23 84 

17,01 

the order 

AD, 

±6 87 

±5 34 

±5 53 

±5 17 

of merit 







photographs were "^shuffled” into a random order "The judge was 
then presented with a rating scale four inches in length, in five 
degrees, with typed instructions, as below: 

Please rate each of the 40 photographs accompanying these 
instructions upon the following scale Place « check mark 
exactly at the point you wish to indicate Judgments may fall 
anywhere, from 1 to 5. Please have m mind as average your 
idea of the average adolescent, as seen in New York City 
Very Very 

unattractive Average beautiful 

4 t t 9 t 

Beauty 

12 3 4-5 

Treatment of Data. It will be seen that the four-inch scale con- 
verts itself into a scale from 0 to 16. in terms of quarter inches. By 
means of a ruler measuring in quaitei inches to the points checked 
on the scale, the ten ratings obtained for each photograph were de- 
termined quantitatively. Fiom these two values weie assigned to 
each photograph. (1) the median of the ten ratings, (2) the mean 
of the ten ratings. 

These two values being separately distiibutcd for both gioups, the 
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mean and the median value for each such distribution was found. 
Table 6 shows these comparative facts. The higher figmes indicate 
comparatively grcatei beauty 


TABLE 6 

Showing Means and Medians of Ten Combined Ratings, Assigned by 
Naive Jddoes, to Photgcraphs of Highly Intelligent Ami bscents, 
and to Adolescents of Ordinary Intelligence, on a Scale tor 
Beauty of the Face, Measuring from 0-16 
The higher ratings denote the more beautiful faces. In both series, the 
highly intelligent are rated as more beautiful In both Series, «=40. 


Sene9 I Senes II 

Adolescents Adolescents Adolescents Adolescents 

of IQ of IQ of TQ of IQ 

135-190 90-110 135-190 90-110 


Values 

Median 

10 00 

8 00 

8 50 

7 50 

based on 

MV 

±2 00 

±1 50 

BlMSaWtTilg 

±1 00 

medians 

Menn 

8 95 

7,45 

JtlSm 

7 40 

of ratings 

AD 

±2 76 

±1 81 

±1 64 

±1 51 

Values 

Median 

9 60 

7 00 


7 30 

based on 

MV 

±1 85 

±1 20 

HESSB1 

±1 35 

means of 

Mean 

8.70 

7.31 

8 99 

7 34 

ratings 

AD 

±2 31 

±1.67 

±1 36 

±1 44 


Interpretation of Results 

The results of this study are consistently clear-cut, and the inter- 
pretation of them is brief and simple. The photographed faces of 
highly intelligent adolescents are more attractive (more beautiful) 
to adult judges than are those of adolescents who represent the 
average population of adolescents This is so when the judges are 
wholly uninformed as to the mentality of any of the photogiaphed 
persons, and are entirely unacquainted with them. These results 
apply to adolescents of both sexes 

The lcsults hold for judges who aie between 25 and 35 years 
< old, appraising adolescents who are 14 or 15 years old It would be 
an interesting extension of our study to present these same photo- 
graphs to adolescent judges, and to judges 55 to 65 years old, and 
thus to determine whether the age of judges would affect lcsults. 

It is of some value to note here that naive Chinese judges also are 
more attracted to the faces of the very intelligent than to those of 
average intelligence, but not to the same extent as in the case of 
Caucasian judges (6) The correlation between our Caucasian 
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judges and the Chinese judges is .47, both judging Series I of our 
photographs. 

Summary 

1. A sample of 40 highly intelligent adolescents of the white race, 
selected in childhood on the basis of mental tests as falling between 
135 IQ and 190 IQ (S-B), the selection being originally without 
regard to personal appearance in any respect, were photographed on 
plates 8x10 inches Twenty adolescents of the same age and from 
the same school population, falling between 90 IQ and 110 IQ (by 
group tests) were photographed in the same way. Both samples 
were proved to be representative, each of its intellectual group, as 
regards beauty 

2. The highly intelligent, divided into two distinct senes, were 
proved against the sample of the ordinarily intelligent, both by the 
order-of-merit method and by the method of rating 

3. The judges chosen were educated adults, 25 to 35 years old, 
who were total strangers to the adolescents photographed and who 
had no information in regard to the mentality of any one of them. 
Each photograph was rated by ten such judges, independently, these 
judgments yielding a coefficient of reliability of 873 (6) 

4 In both series, by both methods, the faces of the highly in- 
telligent were proved to be more attractive (more beautiful) than 
the faces of members of the ordinary group, all other things being 
equal 

5 The faces of the highly intelligent maintained their superior 
attractiveness, though to a lesser extent, when Chinese (holding age, 
sex, and education constant) were substituted for Caucasian judges, 
the correlation between composite Chinese judgments and composite 
Caucasian judgments being .47 (6) 
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LA BEAUTfi COMPARATIVE DES FIGURES DES ADOLESCENTS 
TRfiS INTELLIGENTS 

(R6sum£ ) 

On a photograph^ des adolescents trfes Intelligcnts tie race blanche, choisis 
dans i’enfatice stir la base des tests rpentaux, sans dgard de Patcrait 
physique On a compare ccs photographies A I’egard dc la benute de la 
figure avec celles des adolescents d’intelligence ordinaire, premicrement 
scion In nr»6thode de l'ordre de nitrite et ensuite selon la methode devaluation 
Les ;uges out ete des aduites de rate blanche, n’ont eu aucunc connaissance 
avec les juges, et n'ont pas dvi tout connu les cnractenstiquea mentales de 
ceux-ci Dans deux sfiries sGparecs de photographies, les figures des trfis 
intclligents, des deux sexea, ont et 6 4valu6es commc plus belles que cellea 
des adolescents d'mtelljgence ordmane La meroe tendance a 6t6 mamtenue 
quand on a substitud des juges chmois aux luges caucaaiens, mms 1 un 
degrd rdduit 

IIOLLINGWORTH 

DIE VERGLEICHENDE SCHONIIEIT DER GESICHTER VON 
HGCHST INTELLIGENTEN jilNGLINGEN 

(Ref era t) 

Hbchst Intclhgente Junglingc der wcissen Rasse, die in der ICmdheit auf 
Grund der Intelligen 2 tcsts ohne Rucksicht nuf Korperschonheit gewahlt 
wurden, wurden photographlert Diese Photographien wurden in bezug 
auf Schonhcit des Gcsichts mit jenen der Junghnge mit gewohuhchcr 
Intclligenz verglichen, erstens durch die Methode der Ordnung des Vorzuges 
und dann duich die Methode der Beurtcilung Die Bcurteiler waren 
Erwachsene der wcissen Rasse, sie kannten die Beurteilten nicht, und sie 
wussten nichts Von den geistigen Eigen schnften der Beurteilten In zwei 
getrennten Reihenfolgen von Photographien wurden die Gesichter der 
hochst intelligenten Junglingc beulcr Geschlechter als schoner als jene der 
Junghnge mit gewohnlichcr Intelligcnz beurtcilt, Diesclbc Neigung zeigte 
sich, wenn kaukasiscbc Beurteiler dutch chmcsische cisetzt wurden, obgleich 
zu einem kleineren Grade 


Hollingworth 



A MULTIPLE FACTOR ANALYSIS OF CHILDREN’S 
ANNOYANCES* 1 

From the Institute of Child Welfare, University of California 


Harold D Carter, Herbert S. Conrad, and Mary Cover Jones 


I. Introduction 

The present study applies the Thurstone multiple factor technique 
(3, 4) to data from an “annoyance inventory.” Results from three 
factor analyses will be presented In the first analysis, it is shown 
that the intercorrelations between different classes of annoyance 
items may be considered as arising largely from the operation of 
three independent “factors ” The second factor analysis is confirm- 
atory of the first. The thvd factor analysis traces the effect of in- 
troducing intelligence test score as a variable in the table of mter- 
correlations among annoyances , this is of some interest for factor 
theory, and in addition it leads to conclusions which were neither 
observed nor readily observable from the original, unfactored data. 

II, The Sample 

The present report is based on a sample of 100 children (50 
boys and 50 girls), tested both in 1933 and 1934 These children 
constitute a subgroup of the larger sample used by the Institute of 
Child Welfaie in its studies of adolescence; the subgroup was se- 
lected on the basis of its availability for an intensive, cumulative pro- 
gram of measurement. At the time of the first testing with the 
Annoyance Inventory, about half the children were in the high- 
sixth grade of five elementary schools, and half in the low-seventh 
grade of a junior high school, in Oakland, California 

HI. The Data 

The Annoyance Inventory forming the basis of the present study 
was devised by M. Gross, H. E. Jones, and M. C. Jones, for use 


•Accepted for publication by Harold E Jonea of the Editorial Board and 
received in the Editorial Office, Jnne 26, 1935 

t A study of children’s annoyances, of which this is a part, wag initiated 
in 1933 at the Institute of Child Welfare by Harold E Jones Acknowledg- 
ment Is given to the earlier work of Hulsey Cason (2) in this general field. 
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with children between the ages of ten and 16. The Inventory con- 
sists of items which are considered more or less representative of 
annoyance stimuli experienced by, or known to, adolescents. Form 
A of the Inventory consists of 105 items; Form B, of 140 items (of 
these, 96 occur also in Form A) Both Forms A and B were admin- 
istered in the spring of 1933, and again in the spring of 1934; in 
each year, Form B was given a week after Form A. On each occa- 
sion, the Inventory was administered as a group test in the children’s 
classrooms, hy M. C Jones 

Table 1 presents samples of the items in the Inventory, and indi- 
cates briefly the nature of the 1 1 classes or categories into which the 

TABLE 1 

Sample Items From the Various Classes or the Annoyance Inventory 

Class 1 Sound. 

A dog barking at night 

Hearing static or similar noises on the radio, 

Class 2 Sound (Personal) 

Someone practicing singing exercises 
Someone who whistles loudly in the house 

Class 3, Untidiness (Dirt) 

Seeing a wash-bowl with a ring of dirt on it. 

Furniture with dust on it 

Class 4 Untidiness (Lack of neatness) 

Seeing a desk all cluttered up with papers 
Seeing a picture that isn’t hung straight on a wall. 

Class 5 Untidiness (Personal) 

A child whose face is dirty or grimy. 

Seeing someone whose hair is all mussed up 

Class 6 Impropriety in eating 

Someone trying to talk while he has too much food in hia mouth 
Someone who soaks his bread or cake in his coffee or tea. 

Class 7 Bad form 

Someone who is a poor loser in a game 
A boy or girl who is rude to a much older person. 

Class 8. Infringement 

To have someone walk in front of my seat at the movies. 

Having to get off the sidewalk to pass some people who are taking up 
all the room 

Class 9 Injury to self-esteem 
To have a hole in my stocking where it shows 
Someone who does not pay attention to what I am saying. 

ClasB 10 Miscellaneous (Personal) 

Someone with a bad breath. 

To answer the door and find it is only a salesman 
Class 11 Miscellaneous 

Walking on sugar which haa been spilled on the floor 
The smell of garbage 
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items have been grouped The selection of the 11 categories of 
classification, and the placement of items within each category, were 
carried out through the consensus of opinion of four psychologists 
The items belonging to any given class were scattered at random 
throughout the entire Inventory. Table 2 shows the number of 

TABLE 2 

This Table Shows the Number or Items in Each Class or Category of 
tup Annoyance Inventory, * and thf Total Number of Ijew-Eesponses 
on Which a Child’s Score is Based 



Class 

Number of items 
Form A Form B 

Total no of 
responses 
(1933 + 1934) 

1, 

S (Sound) 

17 

18 

70 

2 

SP (Sound-Personal) 

17 

22 

78 

3 

UD (Untidiness-Dirt) 

13 

13 

52 

4. 

UN (Untidiness-Neatness) 

10 

9 

38 

5 

UP (Untidiness-Personal) 

17 

17 

68 

6, 

IE (Impropriety in enting) 

8 

10 

36 

7. 

B (Bad form) 

7 

14 

42 

8 

I (Infringement) 

4 

9 

26 

9 

SE (Injury to self-esteem) 

MP (Misc -Personal) 

5 

14 

38 

10 

4 

9 

26 

11 

M (Miscellaneous) 

3 

S 

16 


Total Inventory 

105 

140 

490 


•For administration in the spring of 1935 and subsequently, an enlarged 
160-item Inventory has been prepared, with additions especially in the 
classes I and SE 


items in each class, for Form A and Form B separately. Since there 
are 105 items in Form A, and 140 in Form B, and both forms were 
taken twice, a child’s score on the total Inventory is based oil a total 
of 490 item-responses at four different administrations. The response 
to each item of the Inventory consists in the encircling of ei tiler an 
“M,” an “L,” or an “O" — accoidmg as the particulai item is re- 
ported as provoking much, little, or no annoyance, respectively. In 
scoring the subject’s responses, the encircling of an "M" is counted 
as 2, of an “L” as 1, and of an “O" as zero. The subject’s raw 
score on the total Inventory is simply the total of his scores on all 
the separate items, similarly, the subject’s score for any class or 
category is simply the total of his scores on the items in that parti- 
cular category. In the present study, the data from all four admin- 
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istrations of the Inventory have been combined, 3 in order to elim- 
inate transient influences, and to secure the greatest possible relia- 
bility of measurement. 

The technique of combining scores from the four testings re- 
quires a word of explanation For each child, the raw scores 
from the four testings were added, the resulting distribution 
was then normalized, and original scores converted to scale 
scores (similar to T-scorea), with a mean at 50 and a standard 
deviation of 10 This procedure was followed for the score on 
the total Inventory, ami also for the score on each of the eleven 
classes or categories of the Inventory. The normalization is 
easily justifiable, since the distributions of raw slimmed scores 
were approximately normal The purpose of normalization and 
conversion to scale scores was to provide scores of uniform 
meaning, useful for inspectional comparison with data from 
other group tests and measurements similarly treated 

IV Reliability of the Measurements 

The 'Split-half" reliability of the Inventory was obtained by divid- 
ing the Inventory into two equivalent halves, and calculating the 
correlation between the raw scores on the two halves. The items 
of the two halves were paired on the basis of a prion qualitative 
similarity, and on the basis of the empirical data concerning 1 the pro- 
vocativeness of each item. The Spearman-Brown reliability coeffi- 
cient for the total Inventory (four administrations) is 990, the 
reliability coefficients for the eleven classes of the Inventoiy (as listed 
in the last column of Table 4) arc generally .90 or above 

The retest: (as opposed to split-half) reliability of the In- 
ventoiy has not been computed for the sample of the present 
study In a larger unselccted group, of which the present 
group is a part, the correlation between weekly retests (Form 
A Y9 Form B) is around S5 foi the entire Inventory, and 
around 75 for the individual categoues 
The correlation between age and scores on the Annoyance 
Inventoiy is uniformly very close to zero in our sample, hence 
none ot the reliability coefficients mentioned above is affected 
by n spurious age-factor 


This procedure is justified in view ot the similarity ot the two forms, 
and the high agreement of results secured in the different testings 
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In addition to Annoyance Inventory scores, the present study 
makes use of the children's intelligence quotient The intelligence 
quotient is based upon four intelligence tests; viz;., the Thorndike 
CAVD, the Terman Group Test, the Kuhlmann-Anderson, and the 
Stanford-Binet (short scale only) The reliability coefficient for 
the measure of intelligence based upon all these tests is estimated 
as about .97 (two of the tests have reliability coefficients of ,95 
each). 

V. Intercorrelations 

Table 3 shows the mtercorrelations between 13 variables' intelli- 
gence quotient, total annoyance score, and annoyance scores for 
each of the eleven classes of the Annoyance Inventory. From in- 
spection of the table, it appears that each of the annoyance scores is 
somewhat negatively correlated with intelligence (median, about 
— .20). The scores for each of the 11 individual classes of the 
Annoyance Inventory arc highly correlated with total Annoyance 
Inventory score (generally over .85). The intercorrelations among 
the 11 annoyance categories are also fairly high, ranging from 57 
(between infringement and untidiness-personal) to .93 (between 
untidiness-personal and untidiness-dirt ) . Since the reliability co- 
efficients for the individual categories are practically all over .90, 
it is clear that, while the 11 classes apparently have much in com- 
mon, the mtercorrelations cannot be explained entirely on the basis 
of a single common factor Certain pairs of categories are a good 
deal more closely correlated than others; and this variation is not 
determined by differences in reliability of the scores for the various 
classes. Thus, the two sound categories con elate .86 with each other, 
but around 70 with other (equally reliable) categories. Similarly, 
the three untidiness classes ( UD, UN, and L7 jP) are mtercorrelated 
to the extent of .90 or over, but correlate only around .60 with 
infringement 

Careful examination of the table of correlations indicates a 
conspicuous "cluster" of the three untidiness classes (Inter-r’s 
90 or over), Associated with the response to untidiness are the 
responses to items classified as impropriety in eating and bad 
form (the lnter-r*s between these and the untidiness classes are 
over 80) The classes I, SE, and MP {infringement, injury to 
self-esteem, and miscellaneous-personal) constitute a highly in- 
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I fcTER.C0RR.EL ATTOJWS AMONG INTELLIGENCE, TOTAL AnKONANCL INVENTORY SCORES, AND SCORES ON INDIVIDUAL CLASSES 
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tercoi related trio (around 85), as do also the classes J9, SF, 
and MP (bad form, injury lo self-esteem, and miscellaneous- 
peisonal — average, over 85) The class sound (except for its 
high relation to sound-personal) is the most nearly independent 
of all the classes of the Inventory The class J, infringement , 
also appenrs to lay some claim to comparative Independence In 
the next section we sh nil observe to what extent n factor analy- 
sis by the Thurstone ccnter-of -gravity technique bears out the 
groupings indicated above 


VI The First Factor Analysis 

In the picsent paper, three factor analyses will be presented. The 
hist factor analysis involves the mtercoriclaticns between scores in 
the 11 classes of the Annoyance Inventory (cf Table 3) By the 
fust analysis, four group factors have been ex.ti acted. The "factor 
loadings ” — i c,, the correlations between each factor and the original 
annoyance categories — are given in Table 4 As shown in Table 4, 

TABLE 4 

Quantitative Results ot the First Factor Analysis 


(Based on intercorrclations among 11 classes of the Annoyance Inventory) 



Class 

I 

Loading for the 
four factors 

11 III 

IV 

Sum of 
squares 

Relia- 

bility 

coeffi- 

cient 

1 

S (Sound) 

80 

— 33 

— 27 

03 

82 

.96 

2 

SP (Sound-Personal) 

87 

— 23 

— 28 

16 

91 

92 

3 

UD (Untidiness-Dirt) 

91 

.29 

— 11 - 

-.12 

94 

95 

4. 

UN (Untidiness-Neatness) 

89 

31 

— 04 

03 

89 

94 

5. 

'UP (Untidiness-Personal) 

88 

.89 

— 04 

05 

93 

96 

6 

IE (Impropriety in eating) 

86 

26 

— 01 

05 

81 

93 

7 

B (Bad form) 

.91 

08 

20 

00 

87 

94 

8 

I (Infringement) 

82 

— 35 

19 - 

-12 

.85 

89 

9 

SE (Injmy to self-esteem) 

90 

— 14 

25 

05 

.89 

90 

10. 

MP (Misc.-Personal) 

90 

— 22 

22 

.08 

91 

90 

11 

M (Miscellaneous) 

90 

— 04 

— 09 - 

-19 

86 

84 


Mean* 

88 

.24 

.15 

08 

88 

92 


*The mean factor loading is taken without regard for sign 


the value of the average sum of squaies of the factor loadings is not 
far below the average reliability coefficient, indicating that the four 
factors serve to account for the couelations of Table 3 fairly well 
Factor analysis indicates hoiu many independent group factors are 
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icqutied in oidei to account for the inteicoirelations among a set of 
variables, it does not d needy indicate the nature of these factors. 
From die point of view of factor analysis, each factor is merely 
itself, i e., each factor js completely defined by its statistical deiiva- 
tjon. To discover the natuie of a factor, in terms of other known 
variables, it is necessary to have the correlations of the factor with 
these other variables. Such coriclations, or “factor loadings,” are 
given in Table 4, and aic more conveniently presented in Table 5. 

TABLE 5 

The Ci. asses of the Annoyance Inventory with Comparatively Large 
Positive. Factor Loadings, and with Comparativi ly Large Negative Factor 
Loadings, Respectively 
(First fnctoi -analysis) 


Positive loadings 

Negative 

loadings 

Class 

Loading 

Class 

Loading 


Factor I 



All classes have high positive 



loadings With Factor 

I (avei- 



age, 88) 

Factor II 



UP 

39 

I 

— 35 

UN 

31 

S 

— .33 

UD 

29 

SP 

— 23 

IE 

26 

MP 

— 22 


Factor III 



SE 

25 

SP 

—.28 

MP 

.22 

S 

— 27 

B 

20 



I 

19 




Factor IV 



SP 

16 

M 

— 19 


From Table 5, it appears that the first factor — heavily loaded with 
all classes of the Annoyance Inventory — may best be thought of as 
genet at annoyabthly This is by far the largest of the four factors. 0 
The second factor is most heavily loaded (positively) with the 

*To (he extent that the mtercoi relations in Table 3 are affected by corre- 
lated response-errors at each administration of the Inventory, the intcr-i’s 
in Table 3 are spunonsly high, and the general annoyability factor is too 
large That the general annoyability factor is not due merely to the correla- 
tion of response-crrois is indicated by the differences between lntercorrcla- 
tion9 and reliability coefficients, and by the considerable differences in the 
correlation between certain pairs of classes in Table 3, Other evidence, not 
included in the present paper, is the wide and appropriate variation in pro- 
vocativeness of the individual items of the Annoyance Inventory 
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classes UP, UN, UD, and IE , this may be characterized as an “un- 
tidiness 5 * factor The third factor is positively related to certain 
petsonal annoyances, such as are included in classes SE , MP, B , 
arid 7, this factor is hard to name concisely — “susceptibility to per- 
sonal annoyances’’ and "introvcision” are not sufficiently restrictive, 
and no other useful phrase suggests itself The fourth factoi is of 
least impoitance in determining the intercorrelations between the 
annoyance classes; and since two later factor analyses confirm the 
impression that this fourth factor is comparatively nairow, specific, 
and unstable, we shall dismiss it without further consideration 

The negative factor loadings of Table 5 are just as interesting as 
the positive Sizeable negative loading of the second factor is found 
in classes I, S , SP, and MP ( infringement , sound , sound-personal , 
and miscellaneous-pet soual) , sizeable negative loadings of the third 
factor are found in classes SP and S ( sound-personal and sound). 
Evidently, a person scoring high in the second factor will he more 
likelv to be annoyed by untidiness than by items in classes 7, S, SP, 
or MP , a person scoring high in the third factor will be more likely 
to be annoyed by items in classes SE, MP, B, and I, than by items 
in classes S or SP. This contrast nature of the factors is an interest- 
ing and distinctive contribution of factor analysis. 

The continuum implied in the first factor — much annoyability vs 
little annoyability — is obvious and easily grasped; it is of the sort im- 
plied by the assumptions of quantitative measurement. But the con- 
tinua implied in the other factors are empirical discoveries; like the 
correlations between different tests, they cannot be predicted a 
prioii. The method of arriving at them is scientifically objective, 
and they necessarily reflect trends present in the data They imply 
that a component of one group of variables is opposed to a component 
of another group of variables; or, applying the rule of parsimony, 
the same component is positively included in one set of variables and 
negatively included in another As a hypothetical case, consider in- 
telligence as a component of the second factor. Since it is intelligent 
to be greatly annoyed by infiingcments upon one's rights, and com- 
paratively less intelligent to be greatly annoyed by untidiness (an 
empirical finding, quantitatively presented in the next section), there 
is a component (intelligence) leading these two groups of annoy- 
ances to be opposed. This opposition is not clearly evident in the 
original variables, because other components of heavier weight are 
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in agreement throughout all the variables — as evidenced by the high 
correlations between the various annoyance classes. Persons ac- 
quainted with test results know in general that total score on a test 
does not adequately present all the results of measurement. Such 
workers usually note tendencies of individuals to score high on some 
material and comparatively low on other material, and they cite this 
fact as the sort of evidence ignored in total scoie When such ten- 
dencies are present, and characteristic of groups of persons, a factor 
analysis will summarize these tendencies, and indicate them in order 
of impoitancc 

Table 5 indicates that as one moves from high to low scores in 
Factor II, there is a continuous decline in annoyance at untidiness 
and a steady increase in response to annoyances /, S, SP, and MP, 
A high score in Factor II, then, implies not only gieat annoyance at 
I, S, SP , and MP , but also little annoyance at untidiness . In short, 
scores in Factor II are in the nature of difference scores between I, 
S, SP, and MP on the one hand, and untidiness on the other From 
the original classification of items (Table 1) and the tabic of mtcr- 
correlations (Table 3), it is not immediately evident that a con- 
tinuum of the soit indicated by Factor II exists Extraction of the 
factor loadings amounts to the discovery that such a continuum 
exists Similar considerations of course apply to Factor III also 

V1L The Second Factor Analysis 

The second factoi analysis is Identical with the fiist, except tlmt 
the score on the total Annoyance Inventory has been included as a 
variable in the table of mterconelatlons. On theoretical grounds 
one would expect that the results of this factor analysis should (at 
least for the major factoi s) run paid l el to the results of the first 
analysis Inspection of Table 6 shows that this expectation is stnk- 
ingly confirmed. The loadings for Factors I, II, and III of the first 
factor analysis are piactically identical with those for Factors I, II, 
and III of the second factor analysis (cf. Table 6, column 2 vs 3, 
5 vs. 6, and 8 vs. 9). Evidently, the change of “set-up” in the table 
of intercorrelations (through addition of total Inventory score) has 
had practically no effect on Factor I, nor— -despite their compara- 
tively small magnitude — on Factors II and III 
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VIII The Third Factor Analysis 

The third factor analysis is identical with the first, except that 
the variable “intelligence” has been introduced in the table of corre- 
lations The purpose of including intelligence is twofold' first, to 
observe the relation of intelligence to annoyance factors, and second, 
to observe the effect, upon factor loadings, of introducing a vanable 
which is greatly different from the others in the table of intcrcorre- 
lations 

Table 6 gives the quantitative results of the third factor analysis 
It is clear, from this tabic, that very close agicement exists between 
the first, second, and third factor analyses, with respect to Factors 
I, II, and III , 4 in all three analyses, the loadings for a given factor 
are quite similar. Factor IV, however, is evidently different in each 
analysis This factor — the smallest and least influential one — is evi- 
dently strictly dependent on the pecuhaiittes of the particular inter- 
correlational "set-up ” The first three factors, on the other hand, 
remain stable when another variable is added to the table of inter - 
correlations The wi iters have, on several occasions, heard the criti- 
cism that the results of factor analysis arc strictly dependent upon 
the mtercorrelational "set-up ” The implication of this remark has 
generally been that factor analysis leads to results which are com- 
paratively fragile, delicate, undependable The results from our three 
factor analyses, as well as from certain previous work (1), appear 
rather definitely to discicdit this idea, and to lay the burden of proof 
on the critics, 

One mtei esting finding deserves some comment. In Table 3 (the 
table of intercorrelations), it appeals that intelligence is negatively 
related to total Annoyance Inventory score, and also to the score in 
each class of the Inventory In Table 6, however, it appears that 
intelligence is positively loaded with Factors II and IV (of the third 
analysis). Evidently, then, whatever is measured by Factors II and 
IV (of the third factor analysis) is positively related to intelligence 
We do not care to stress this result for Factor IV, since (as we have 
shown above) there is question concerning the general significance 


The loadings for Factors II and 111 of the third analysis differ in alge- 
braic sign, but not essentially in magnitude This is as if one replaced a 
variable like "boldness" by one termed “timidity ” The two differ (so to 
speak) in algebraic sign, but represent the same variable 
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of this factor Factor II, however, is stable, and the results for this 
factor may be taken scuously High scores in Factor II of the 
third analysis, it will be recalled, indicate annoyance at infringe- 
ment ; 5 low scores indicate annoyance at untidiness . In strictest 
theory, all we may say is that Factor II is positively related to in- 
telligence There is a strong temptation to add, however, that in- 
telligence is positively related to the tendency to report annoyance 
at infringement {as mounted by Factor II) and negatively related 
to the tendency to respond to the items in untidiness {as measured 
by Factor II) Among children of a given level of general annoya- 
bility (le, of a given score in Factor I), the more intelligent are 
more strongly responsive to the positive end of Factor II than the 
negative. Other things being equal, intelligent childien arc charac- 
terized by greater annoyance at infringement than at untidiness. Here 
is a finding which appears rational and “sensible", and which is much 
more dearly revealed by factor analysis than by the slight varia- 
tion in negative correlations of intelligence with the original scores. 

IX Interpretation 

We wish to recognize, here, certain limitations of the present in- 
vestigation. An important consideration is the fact that the results 
are based on the self-report of young adolescent children. There 
undoubtedly is an age below which the method of self-report should 
not be used; the statistical evidence of validity of the method m the 
present sample consists in the findings concerning reliability (section 
IV), the distinctions among the annoyancc-classes (Tables 3-6), and 
the variation in provocativeness of the individual items of the Inven- 
tory (footnote 3) 0 

We have already discussed the “meaning” of the factors, in the 
section dealing with the first factor analysis. The factors are mathe- 
matical entities, determined and defined by mathematical pro- 

SZ 

ccdure — just as the mean is determined and defined by and the 

N 

B Also sound and miscellaneous-pet soval t but rather more especially in- 
fringement. 

6 It would, of course, be desirable to supplement the method of self-report 
by more objective and experimental techniques For certain selected annoy- 
ances adaptable to such techniques, an instrumental study has been under- 
taken by other members of the Institute of Child Welfare. 
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3*y 

coefficient of coi relation is detei mined by the formula These 

NvmVy 

latter mathematical concepts have acquired piactical meaning through 
use The same may be said of factors. One obvious use to be made 
of factors is to find the correlations between the factors and other 
variables (including othei factois). Such correlational studies, ex- 
tensively conducted, are capable of establishing the “meaning*’ or 
psychological significance of factors on a sound empirical basis. 

Factors are dcuved from tables of intercorrelations — do they tell 
us anything not discernible from the intercorrelations themselves, or 
not obtainable bv stnctly correlational techniques? The answer is 
indicated in Tables 4-6 These tables list a small number of in- 
dependent “factors," capable of explaining the mtcrcorrelations among 
manv non-independent variables. These factors are new entities, 
sometimes exhibiting characteristics not openly shown by any of the 
originally measured variables Moreover, the contrast nature of 
many of the factors leveals trends which aie haidly obvious fiom the 
table of mtercorrclations alone 7 

It is quite evident that there are othei valid approaches to the an- 
alysis of our data from the Annoyance Inventoiy. Coi relation and 
factor analysis both seem to leave much to be desired, for example, 
from the point of view of clinical interpretation The new approach 
of factor analysis, however, merits our consideration as one of many 
possible avenues which must be exploied m the search for adequate 
methods of measuring personality traits. 

X. Summary and Conclusions 

An Inventory of common annoyances was devised, and was admin- 
istered on four different occasions to each of 100 school children 

T Question may arise in the minds of some renders whether an equally 
efficient analysis of the original data Could not have been contrived through 
the extensive use of partial correlation, This is not the place to indulge in 
any lengthy comp m Ison between the two techniques of partial correlation 
and factor analysis It is well to note here, however, that factor analysis 
most “paisimomously 1 ' replaces the original variables by independent ‘'fac- 
tors”, and that the factors after the first are m the nature of difference 
scores. Thus, our second factor may be thought of as indicating the dif- 
ference between annoyance at infringement and annoyance at untidiness 
(cf section VI, on the “contrast nature” of the factors), It is difficult to 
see how partial correlation could, with equal elegance or economy, achieve 
the results of factor analysis. 
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For purposes of the present investigation, scores from the four ad- 
ministrations have been combined, in order to eliminate the effects 
of transient conditions, and to secure high reliability of measure- 
ment 

The items of the Inventory were classified into 11 different gioups, 
and a score obtained foi each of these classes (as well as for the total 
Inventory). Intcrcorrelations between the scores in the various 
classes were computed, and three multiple factoi analyses of the in- 
tercorrelations, by Thurstone’s simplified method, have been carried 
out, with conditions somewhat altered in each analysis The find- 
ings support the following conclusions 1 

L Four factors serve fairly well to account for the intercorrela- 
tions among the various classes of the Annoyance Inventory. 

2. The Annoyance Inventory has piovidcd stable measurement of 
the first three factors. When the intercorrelational “set-up” was 
changed by the addition of another vanablc, the first thiee factors 
remained the same, but the fourth factor was disrupted 

3 The first factor, which is by far the largest, measures general 
annoyabihty (within tile limitations of the present Inventory). Fac- 
tors II and III are less easily described Factor II is comparatively 
heavily loaded (positively) with the untidiness classes of the Inven- 
tory, and loaded (negatively) with the infringement , sounds sound - 
personal , and miscellaneous-pei sonal classes of the Inventory. Factor 
III is comparatively heavily loaded 1 (positively) with a group of per- 
sonal annoyances — injuiy to self-esteem , bad form, infringement , and 
mtscellaneous-pei sonal ; and negatively with sound and sound-personal. 

4. The scoies for the total Annoyance Inventory, and for each 
class of the Inventory, correlate negatively with intelligence, the 
correlations ranging from — .04 to — .29 The correlations with 
intelligence are — .23 for Factor I, 4* 30 for Factor II, and -f-.Ol 
for Factor III Thus the factors reveal differentiable trends of an- 
noyance in lelation to intelligence, much more clearly than the slight 
variation in negative correlations of intelligence with the original 
scores. 

5. The comparative procedures applied here have provided proof 
of the stability of the annoyance factors, evidence concerning their 
meaning, and knowledge of their relation to intelligence. Metho- 
dologically, it is cleai that a single factor analysis is not likely to 
be any more fruitful than a single, isolated average or coefficient of 
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correlation. What is required are numerous analyses, under sys- 
tematically varying conditions — die mamage of statistics and experi- 
men tation. 

NOTE, Since this article was wutten, Dr. L, L Thurstone has published 
his book The Vectors of Mtntl This more comprehensive formulation of 
factor theory includes the description of further techniques, not applied to 
the data in this article These further techniques for rotating the axes 
and securing a unique "simple structure" arc intended to thiovv additional 
light upon the nature of the components However, the method involves 
maximizing the number of zero entries m the factorial matnx In view 
of the uniformly high positive londings of Factor I (See Table 6) resulting 
from the high intercoi relations among the ouginal annoyance classes (Sec 
Table 3), we are at present in some doubt as to the applicability of the new 
techniques to the present data 
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L’ ANALYSE DES FACTEURS MULTIPLES DES ENNUIS DES 
ENFANT 

(Resumi) 

On a formula un inventaire ties ennuis ordinaires, et I’ a fait subir it chncun 
de 100 616ves & quatie occasions ditTercntes On a classififi lea points dc 
Finventaire en onze groupcs divers On a computd Its mtcrcorrelations 
entre les resultats dans les dwerscs classes, et I'on a fait trois analyses dcs 
facteurs multiples des intercorrelations, selon la rnethodc simplifies de 
Thurstone, nvec les conditions un peu changees dans chaque analyse Les 
donnees soiitiennent les conclusions suivantes 

1 Quatre facteurs servent assez bien pour expliquej )es intercorrelations 
entre les diversts classes 

2 Une correlation negative (dc — 0,04 it — 0,29) existe entre I’lntelh* 
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gence et lea idsultats bruts dans Ics diverges classes de 1'inventaire des 
ennuis, En contraste, la emulation entie 1’mtelhgcnce ct le Factcur 11 
eat de 4-0,30, Ie9 correlations entre l’intelligcnce et lea Facteurs 1 et U 
sont de — 0,23 et 4*0,01, lespectivement Ainsi les facteurs mortrent des 
tendances d'enniu qu’on peut differencicr h regard de Tintelligencc, beaucoup 
plus clanement que b petite va nation dans les correlations negatives de 
^intelligence avec les rdsultat3 originaux 
3 L’inventaire dcs ennuis fournit une mesure stable des trois premiers 
facteurs Quand on a change le "groupement" des intercalations par 
l’addition d'unc autic variable, les trois^ premiers facteurs sont rcstes l ca 
mcmes, mala \e quntiiemt facAtui \n\itnfitlqiiemtiA \e p\us petit) a etc imsfe 

Carter, Conrad, ct Jones 


EINE VIELFACHE FAKTORENANALYSE DER VERDRttSSE VON 

KINDERN 

(Referat) 

Ein Inventar der gewohnhehen Verdrusse wurde aufgestellt imd jedem 
von 100 Schulkindern vier verschiedene Male gegeben Die Einzelhciten 
des Inventars wurden in elf verschiedene Gruppen cingcteilt Die Zwischen. 
korrelafionen zwischen den "Werten in den vcrschiedencn Klassen warden 
ausgerechnet, Drei vielfache Faktoiennnalysen der Zwischenkorrelationen 
wurden vermittelst der Thurstone yercinfachten Methode ausgefilhrt, indent 
die Bedmgungen bei jeder Analyse verandeit wurden, Die Befundc unter- 
stutzen die folgenden Schlusse 

1 Vier Faktoren dienen ziemlich gut zur Erklarung der Zwischen- 
korrelationen unter den vcrschiedenen Klassen 

2, Erne negative Kor relation (von — 0,04 bis — 0,29) bestcht zwischen 
Intelligent und den groben Werten in den verschiedctien Klassen des 
Verdrussinventars. Im Gegensatz dazu iat die Korrelation zwischen In- 
telllgenz und Faktor II 4 * 0,30, die Korrelationen zwischen Intelllgenz und 
Faktoren I und II sind —0,23 bzw 4"0,01 Dadurch zeigen die Faktoren 
□nterscheidbare Ncigungen des Verdrus9e9 im Verhnltnis zur Intelllgenz 
klarer a!s die geringe Variation in den negativen Korrelationen tier Intelli- 
genz mit den ursprunglichen Werten 

3, Das Yerdrusainventar verschafft bestandige Messung der ersten dici 
Faktoren Wenn die Aufstellung der Zwischenkorrelationen durch die 
Beifugung elner anderen Va liable verandert wurde, bleibcn die ersten drei 
Faktoren dlesclben, aber dec vierte Faktor (der Zahl nach der klemste) 
wurde auseinandcigerissen, 


Carter, Conrad, und Jones 



THE RELATIVE DIFFICULTY OF MECHANICALLY 
EQUIVALENT TASKS. I HUMAN LEARNING* 

From the Department of Psychology, University of Toronto 


Donald Snygq 


Theories of learning fall, in general, into one of two quite dis- 
similar groups* objective theories, winch ignore any relationship be- 
tween the learner’s achievement and the way he is experiencing the 
tasks, and phenomenological theories, which attribute the increased 
efficiency of perfonnance to changes m the way the task is experienced 
Theories of the first type commonly make use of the expression 
“trial and error”; theories of the second type emphasize “insight,” 
“understanding,” or “means-ends relations.” These disparate views 
represent two ways of studying learning, cither wholly m terms of 
objective performance of the Iearnei, or with additional data regard- 
ing the learner’s experience of the task The latter experiential 
approach need not be purely introspective as reported by the learner 
himself It can also be approached in terms of inferences to be 
drawn by an onlooker from certain aspects of a learner’s perform- 
ance 

Traditionally the study of learning thus involves die description 
of successive perfoimances of the same task by an individual who par- 
ticipates in the learning or who merely looks on. The desciiption is 
dependent upon which role the reporter is playing. Objectively, 
that is as viewed by an outside observer, the problem to be learned 
remains unchanged while the objective activities of the learner 
change in speed or distance on successive presentations. As ex- 
perienced by the learner, however, it is the task which changes, the 
learner remaining unchanged. 

The advantages of the objective method are threefold : the 
activity of the learner may be viewed by more than one observer, it 
may be measured in units of time and distance; and these measure- 
ments may be correlated with other observable and quantifiable con- 

^Recommended by E A Bott, accepted foi publication b> Carl Murchi- 
son of the Editorial Board, and received in the Editorial O/fice, June 4, 
1935. 
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ditions such as number of presentations or time of practice, amount 
of reward, or stiength of obstacle, data which the learnei cannot 
share until he ceases to be a learnei and becomes an obseiver 

While these advantages are univeisallv admitted there is some 
question as to the adequacy of the data which it is possible to secure 
by the use of objective methods alone. It might be said that their 
present inadequacy for predictions of behavior is tacitly admitted 
in an inability to formulate objective theories without making in- 
ferences of physiological changes in the learnei Since the out- 
side observer, as we have pointed out, experiences the pioblem as 
unchanging, it seems inevitable that the unobserved conditions of 
learning shall then be assigned to other giounds, in this case the 
learner Having approached the study of learning from the view- 
point of the learner and noted the way in which the task is experi- 
enced as changing during the course of learning, Kohlei (2) was 
led to infer that the increase in efficiency of his animal subjects went 
hand in hand with the way in which they experienced their tasks. 
In either case the observer is duven to inference. 

The data furnished by the introspections of the learner arc un- 
satisfactory, in that the experience cannot be directly shared by 
others, with the result that the formulation of quantitative laws is 
impossible And similarly data furnished by the objective technique 
may be unsatisfactory through assuming to be complete while ignor- 
ing experiential variables The ease with which present objective 
methods may investigate concommitant variations of speed of per- 
formance, amount of practice, number of repetitions, stiength of 
obstacle, or amount of reward or punishment etc , had encouraged 
the study of these relationships only. The possibility of relating 
two quantitative variables has led us to concentrate on the quanti- 
tative aspects of behavior in the hope of reducing the character of 
the covariation to mathematical formulae And the faith that this 
will one day be possible has led behaviorists in particular to reject 
data which could not in this fashion be quantitatively expressed. 

The pioblem attacked in the investigation reported below is “Why 
is one task more difficult to perform or to learn than anothei?” 
To this question an intelligent child might give two answers: “Be- 
cause there is less work to do ” That is, the mechanical obstacles 
arc less, and "Because I know it better” While both answers are 
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those of a learner rather than of an observer, both name determinants 
of difficulty for which objective criteria are available. In the first 
case it is possible to descubc the activity required for performance 
in units of mass moved and distance traversed; m the second, it is 
possible to assume that units of practice or repetition are criteria 
of familiarity. But the child may also give another answer: "This 
is less difficult because it is simpler.” This answci, though ap- 
parently plain, is apt to prove otherwise when one attempts to find 
quantitative criteria of simplicity. For this reason exponents of the 
objective appioach have tended to reject the validity of "simplicity” 
and its more sophisticated relatives "belonging” and "Gestalt” on 
the plea that the first two answers are sufficient, that difficulty may 
be fully piedicted in terms of length of task and amount of practice. 
If this be questioned it would be the duty of the questioned to prove 
the inadequacy of those factors, since we should not be expected to 
relinquish quantitative methods for qualitative ones without very 
good reason On the other hand, should the questioners demonstrate 
that the mechanical hetors and amount of practice arc inadequate 
to explain difficulty, the objectivist cannot salvage his quantitative 
system by drawing inferences in terms of "habit” or "instinct,” etc., 
since these are not open to measurement. 

From this point of view the crucial question for investigation be- 
comes "May two tasks requiring the same or mechanically equiva- 
lent motor responses differ in time required for performance?” If 
they do not differ in speed of perfoimance the phenomenological 
approach is superfluous and unnecessary; if they do differ, what laws 
best describe and predict such differences in difficulty? For instance, 
it is easier to cancel the letters drink from a paragraph of pied 
Ietteis than to cancel the letters rdnki from the same paiagraph. 
Mechanically the two tasks are identical but unless they are recog- 
nized as identical they will be performed at very different rates. It 
thus appears that the factois detei mining performance time are not 
merely "mechanical” and it is this "something other” that we pro- 
pose to investigate 

It is quite possible to make at least some of these "other” condi- 
tions observable and objective by studying the performance by the 
same individuals, or by com pai able groups, of tasks winch are me- 
chanically equivalent. Under such circumstances any difference m 
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performance time may be compared with the other objective differ- 
ences between the tasks It is upon this general method, the com- 
parison of performance times of mechanically equivalent tasks, that 
the experiments in this investigation were based. Since the method 
was not fully developed prior to the expei indentation, but grew out 
of the exigencies of the search, the eailicr experiments fall short of 
the ideal form In the final expeiiment on human subjects it was 
possible, by selecting suitable tasks and using each subject as his own 
control, to equate the tasks for motivation, maturation, and previous 
experience as well as for motor response 

The first section of the present study is the description of an 
effort to make the so-called '‘subjective” conditions of difficulty ob- 
servable infercntially to the experimenter These conditions might 
then be systematically varied and the results of such variation used 
as data for the formulation of principles adequate for prediction 
The second section, to be piesented in a later paper, is an account 
of a series of experiments in which the principles derived fiom the 
work on human subjects were applied in predicting the comparative 
number of trials required by white rats for the mastery of various 
maze problems 

In the introduction we have classified the determinants of per- 
formance times as. (1) mechanical, the gross physical featuies of 
the activity in terms of mass and distance, and (2) "something 
other,” the unknown factor which we intend to investigate Since 
the "mechanical” features include most of the objective data or- 
dinarily discernible by an outside observer, it is impossible for that 
observer to proceed fmther alone without abandoning observation 
and drawing infeienccs of “practice,” "repetition,” or "synaptic 
conductivity” as explanations of difference in performance times 
There is, however, another observer in the situation, namely the 
subject; and while it is impossible to compare change m his experi- 
ence of the tasks with changes in their peifoimance times with any 
degree of precision, it is possible to determine if any general relation- 
ship exists between them If such a relationship docs exist, mechani- 
cally equivalent tasks experienced as different will approach a com- 
mon performance time as they come to be experienced as equivalent 
Subjects were asked to give as rapidly as possible the opposite of 
each of ten words which they read fiom a typewritten list. Thiee 
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lists were used! A, consisting of words with a high probability of 
evoking opposites in a fice association test, D J of woids not so aeadily 
associated with their opposites ; and G , of words which can be con- 
sidered to have opposites only in one sense or relationship. 


A 


B 


C 

up 


ivoj k 


call 

hot 


start 


dive 

slow 


hill 


refrigerator 

young 


silence 


twelve 

good 


tame 


red 

high 


music 


hold 

Uew 


hungry 


ride 

hard 


command 


anger 

Wet 


sleep 


whisper 

large 


still 


bread 

The lists were presented 

in A , 5, C, Aj 

flj C order with the older 

of words changed at each 

piesentation 

The 

response words and 

spontaneous comments were recorded by the expci imentcr. 

The aveiage 

times of five giaduate students 

m their 12 trials at 

one sitting arc presented in 

Table 1 





TABLE 1 



Opposite? Tests Mean Performance 

: Times in Seconds 



Test 



Trial 

A 

B 

C 

C' 

1 

9,8 

31.7 

39 7 

lt.2 

2 

11.2 4 

19 7 

36 8 

9 5 

3 

1 2 6 

13.9 

32 6 

9 {, 

4 

9 5 

12 5 

23 4 

89 

5 

9.9 

12.3 

17.8 

8 0 

6 

97 

10 7 

11 3 

90 

7 

9,9 

12,0 

13 1 

8,7 

8 

93 

11 0 

12.8 

8 5 

9 

80 

11 s 

8 8 

84 

10 

8 6 

8 6 

9 2 

92 

11 

V2 

10 8 

9.4 

9 1 

12 

90 

9 1 

9 6 

8 8 


Two subjects were allowed to lead list C befoie testing Their 
results are listed in column C' of the table 

Results The mean performance times ior all lists became ap- 
proximately equal by the tenth trial, when the average times were 
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8.6, 8 6, 9 2, and 9 2 seconds. In both list A , where the ‘'opposite” 
response was fluent from the beginning, and in list C' there was 
little improvement during the practice period. While inspection of 
the gross time scores shown in Table 1 shows improvement with 
practice, the detailed responses of the subjects do not indicate im- 
provement by piacticc In the case of the two subjects who were 
allowed to find satisfactory opposites for list C before being tested 
on it there was little improvement with further piactice In all 
cases the time curves levelled off as soon as the subject had found the 
opposites that completely satisfied him The longer performance 
times in the earlier presentations of B and C were thus largely due to 
conscious seeking for satisfying responses Although several words 
evidently consideied inadequate were given, they were always given 
after a delay during which a “better” opposite had been sought In 
spite of the insistence on speed in the institutions and the presence 
of a whining stop-watch on the table, theie were no cases where a 
subject deliberately chose a shoit word to save time. The final 
selections for the opposite of “refrigerator” were “oven,” “furnace,” 
“stove,” “incubator,” and “warmmg oven.” Both of the users of 
the last two reported that they specifically rejected “stove” because 
it did not give the exact shade of meaning they required “Incu- 
bator” was used in the sense of a laboratory incubator of bacterial 
cultures as opposed to the refrigerator, which inhibits the growth of 
micro-organisms. The exponent of “warming oven” shortened his 
response to “oven” after he had made it clear that “warming oven” 
was meant. Another subject who had alternated between “write” 
and “hear” for “call” expressed great satisfaction when she hit upon 
“beckon ” 

The longer performance times in the first presentations of B and C 
may be largely attributed to this conscious seeking for a satisfying 
response. "When a completely satisfactory opposite was found it was 
thereafter evoked fluently. Relatively unsatisfactory responses were 
often repeated but only aftei an effoit to find a more pertinent word 
The effort would be renewed momentarily on subsequent piesenta- 
tions until the satisfying response was found. 

The only evidence of any other type of improvement was the report 
of a subjiect whose time on list A suddenly dropped from 8 3 to 6.8 
“I didn't have to think ‘up-down’ that time. It was just ‘down.’ ” 
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Summuiy. Subjects were asked to name the opposites of words 
of various degrees of ambiguity, As soon as appropriate opposites 
were found for all words the completion times of the various lists 
tended to become equal. In spite of fiequent use, a response map- 
piopiiate to the subject’s concept of the stimulus word was always 
slow because he first sought a better. The satisfactory lesponse was 
always fluent 

Conclusion In this experiment mechanically equivalent tasks 
initially experienced as different were pei formed in the same time 
as they became equivalent in expenence 

Experiment 2 

Although the lesults of the first experiment indicate a lelationslnp 
between the way the task is expeuenced by its performer and the 
time required foi completion, the method used was quite inadequate 
for any precise investigation of the relationship Since this lack of 
precision is due to the inability of the expenmenter to share the 
experience of the performei except at second hand, it would be more 
satisfactory to present the subject with a task which can be experi- 
enced in either of two quite different ways, both of which aie known 
to the experimenter In the following experiment the task was the 
repioduction of a sciies of letter tiiads which could be viewed as 
nonsense material or as a familiar poem. In order to make group 
testing possible, the speed of performance was rated by the number 
of triads icproduced in unit time, instead of total perfoimance time, 

Forty-one pupils in a senior thud (sixth giade) class were al- 
lowed to study a 20-line list of nonsense syllables and consonant 
triads for two minutes They were then asked to write in one min- 
ute the triads they remembered Three diffeient lists were med , 
the first ten lines of each running 


I 

II 

III 

era 

mid 

for 

und 

era 

men 

ead 

spr 

may 

spr 

ead 

com 

che 

mg 

can 

mg 

che 

dme 

utt 

stn 

nma 

atn 

n tt 

>6° 

the 

ree 

but 

ree 

the 

igo 
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List I was given three times in succession. In the fourth and 
fifth trials list II was used. This, while consisting: of the same 
triads as list I, needed only regrouping to spell out the opening 
lines of Longfellow's Village Blacksmith , with which the children 
were familiar. The sixth exposure was of list III, and the seventh 
and eighth of list II, The children were told that they weie being 
tested to see who could learn the fastest and no comment was made 
on the lesults. One week later, at the same period, the experimenter 
re-entered the room and asked the children to write out as much of 
the material as they could remember Writing time was limited to 
five minutes At the end of that time they weie asked to report 
in writing any device they had used to assist in remembering the 
lines. 

Results Fifteen pupils reported that they had remembered the 
triads as the opening lines of the Village Blacksmith ; three used in- 
dividual mnemonic devices; 23 made no report. The previous re- 
ports of the 15 who reported recognition of the poem were examined 
and indications of recognition during the test were found in the 
reproductions of eight The other seven had failed to reproduce 
the syllabic order and had apparently learned the principle from class- 
mates after the original test. Averages of the four groups are given 
in Table 2. 

The features at once evident are, 

1 . The close similarity of the results of the three mam groups 
in the first three trials where the principle was securely hidden. 


TABLE 2 

Average Number of Triads Reported Per Trial 



Group A 

B 

C 

D 


8 

7 

23 

3 


Discovered 

Tutored in 


Individual 

Trial 

principle 

principle 

No report 

devices 

1 

7 25 

6 43 

6 43 

6 67 

2 

10 38 

9.86 

9 23 

8.00 

3 

11,50 

11 43 

11 00 

8 67 

4 

10 87 

12,1+ 

11 05 

8 67 

5 

12 50 

13 43 

11 67 

10 67 

6 

12 25 

9 00 

9 50 

10.00 

7 

14,25 

11 13 

1177 

10 00 

8 

15 25 

12+3 

13.18 

10 00 

Recall 

18 50 

12 13 

8.23 

5.00 
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2 The superiority of the group which later reported discover- 
ing the poem (group A) in the results for trial 6 when the “for 
men may com . verse was given its only presentation. The in- 
dividuals discovering the principle previously now applied it to the 
new poem. 

3. The continued superiority of group A when list II was 
again presented in trials 7 and 8 Individuals deriving the principle 
for the first time in trial 6 now applied it to the earlier list 

4 The marked superiority of group A in delayed recall. In 
this test, in which five minutes were allowed for report instead of 
two minutes as allowed in the practice senes, group A reported more 
triads than on any previous trial. No individual in the three other 
groups scored as high as the gioup A aveiagc 

5. The similarity of groups B and C, neither of which had 
discovered the “poem principle,’’ during the practice series 

6, The superiority in delayed recall of group B (which learned 
the principle from classmates after the practice series) over group C. 

7 The inferiority of individual mnemonic methods, as used 
by group D 

It should be noted that not all of the eight members of group A 
had derived the principle until the eighth trial Using correct order 
as a cri tenon, two individuals had recognized the principle at the 
fourth, four at the sixth, five at the seventh, and eight at the eighth 
On the eighth trial only four individuals in the other groups (12 
per cent) made a score equal to the average of group A In the 
delayed recal( test none of the other 33 membeis of the class scored 
as high as the group A average. 

The scores on these two trials con elated .30 and 28 respectively 
with National Intelligence scores and — 01 and — 01 with class 
standing 

Summary, Forty-one senior third-giade children were asked to 
learn lists of nonsense syllables constructed on a hidden principle. 
The final average score of the childien finding the principle was 123 
per cent that of the children not finding it 

In a surprise test one week later the children who had discovered 
the principle reported on an average 225 per cent as many syllables 
as the other children and 14 pei cent more than in their own last 
practice trial 
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The delayed recall score of the children who had learned the 
principle from playmates between piactice senes and recall was 98 
per cent of their final practice series score. 

The delayed recall score of children not reporting the principle 
was 62 per cent of the final practice score 

Conclusions. Children discovering the hidden principle were 
somewhat superior on immediate recall and markedly superior in de- 
layed recall to children using other methods. The way in which 
the task was experienced considerably affected the amount of work 
accomplished 

AH the children who found one hidden poem were able to apply 
the same gencial pnnciple in finding another. 

Experiment 3 

In th? last experiment the child len showed an ability to discover 
and use general principles. Having found that one list of non- 
sense syllables could be recognized as a familiar poem, they sought 
to find hidden poems tn other lists. The following experiment was 
devised to investigate the question* Do people tend to use such 
geneial principles or procedures in solving groups of similar prob- 
lems; and if so, do these inodes of attack affect the performance 
time of the several tasks? 

Ewe graduate students were individually asked to find the next 
three numbers in each of the following series* 


I 

1 

2 

3 

4 

S 

6 

7 

8 

9 

n 

IS 

14 

13 

12 

11 

10 

9 

8 

7 

in 

1 

5 

2 

5 

3 

s 

4 

5 

S 

IV 

9 

4 

8 

4 

7 

4 

6 

4 

5 

V 

9 

1 

8 

2 

7 

3 

6 

4 

S 

VI 

1 

15 

2 

14 

3 

13 

4 

12 

5 

VII 

2 

17 

12 

3 

16 

12 

4 

IS 

12 

vnr 

26 

14 

5 

25 

14 

6 

24 

14 

7 

IX 

5 

12 

1 

6 

11 

2 

7 

10 

3 

X 

9 

1 

19 

8 

2 

18 

7 

3 

17 

XI 

19 

I 

9 

10 

18 

2 

8 

U 

17 

XII 

2 

4 

6 

8 

10 

12 

1+ 

u 

18 

XIII 

1 

2 

4 

8 

16 

32 

64 

128 

256 

xiv 

I 

2 

4 

7 

11 

16 

22 

2 9 

37 

xv 

1 

3 

6 

+ 

7 

21 

18 

22 

88 


Results. The method of pi oced ure was inferred from the written 
calculations which the subjects used in their solutions. 
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The performance times of the subjects were found to divide them- 
selves into two groups in accordance with the mode of attack adopted. 
The performance times of the individual subjects A } B, C, D , and E, 
on each problem, aie given in Table 3 


TABLE 3 

Number Series Problems Solution Times in Seconds 


Pjotdem 

A 

Group I 
B 

C 

Group II 

D E 

I 

4.3 

44 

2 7 

2 S 

22 

II 

40 

45 

2 9 

3.4 

29 

III 

7 8 

8 7 

7 9 

21 8 

30 5 

IV 

57 

43 

42 

47 4 

23 6 

V 

11 5 

6 3 

17 9 

27 8 

45 3 

VI 

60 - 

6 + 

S 7 

44 6 

16 3 

VII 

17 2 

21 0 

15 9 

132 4 

495 2 

VIII 

141 

20 4 

9 9 

106 0 

31 0* 

IX 

16 6 

92 

13 2 

134 8 

18 1 

X 

8 3 

11 4 

15 1 

31,8 

18 1 

XI 

14 8 

22 5 

11 7 

81 3 

21 4 

XII 

10 6 

15 0 

29 

3 7 

62 

XIII 

17 5 

29 8 

15 9 

23 6 

9 8 

XIV 

19 3 

31 1 

16 6 

10 1 

11 1 

XV 

Failed 

(960) 

613 0 771 3 

241. S 

423 0 


*Used either method from this point 


Although all subjects were given the same instructions, there was 
a sharp difference in completion times beginning with the third 
problem. A } B, and C recognized that series as 1, 2, 3, 4- . . with 

an intervening constant, 5 D and E t however, found a secondary 
relationship in the differences of the successive digits, 4, — 3, 3, 
— 2, 2, — 1, 1, — 0, 0 and completed the series by adding 1, — 1, and 
2 to secure the concct answers. They solved the problem in 21 85 
and 30.55 seconds as compared with 7,85, 8.76 and 7 95 seconds for 
A, B, and C Beginning each solution by finding the differences be- 
tween the successive numbers, D and E were markedly slower in per- 
formance time up to and including problem VII, which they solved in 
138 4 and 495 2 seconds respectively as against an average of 14 5 sec- 
onds for Aj Bj and G E thereafter adopted the method used by group 
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I, seeking the component senes directly in the presented material, and 
hei time scores fell to the general level of group I. 

Up to this time group I had been umfoimly superior Its simpler 
and less cumbersome procedure, however, proved quite inadequate for 
the solution of problem XV The fastest solution by a member of 
group I was 10 minutes 13 seconds, while A failed to find the solution 
in 16 minutes. D and E, on the other hand, solved the problem 
with little difficulty, in four and seven minutes respectively 

Summary Comparison of two small groups solving the same 
problems by different principles shows: 

1. Marked time superiority for the group using the more di- 
rect principle where that principle was adequate for solution. In 
one ease the problem was solved by this group in 6 per cent of the 
time required by the other group. 

2. Equally great superiority in other problems of the group 
using the other principle. 

3. There was little change in methods of procedure during 
the test. The performance time of the various subjects on problem 
XV was largely determined by the principle of solution they used 
in the third problem. 

Conclusions. 

1 In this situation the chief determinant of the performance 
time was the general principle employed in the solution of the prob- 
lems 

2 There was a strong tendency to preserve unchanged any 
principle which leads to solution. 

3. Changes of principle did occur rn cases where the old prin- 
ciple had proved inadequate. The written work indicates that E 
altered his mode of attack after the first method had proved cum- 
bersome in the seventh problem. All subjects solving problem XV 
eventually solved it by using the group II principle of finding the 
intermediate relationships 

4. The results conform to those of Husband in his investiga- 
tion of methods used by human subjects in maze running He con- 
cluded that 

much of the high variability which has always characterized 
maze results was found to be due to the many different 
methods used in learning Each method, aa employed by 
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different learners has its own mean, with cases clustered about 
it (1, p 274-27S) 

He also found that the methods were carried over by the subjects 
into new tasks. 


Experiment 4 

In the experiments conducted up to this point we have compared 
the difficulty of two tasks mechanically equal, but exponentially dif- 
ferent, and found that they became of equal difficulty, measured in 
performance time, as they became cxpcrientially equivalent Wc 
have compaied the peiformarice times of the same task by different 
individuals and have found that the performance time is largely de- 
termined by the subject’s mode of attack We have seen that this 
mode of attack is not peculiar to the individual problem but is in 
conformity with general principles which govern the individual’s 
procedure in like situations and that the relative efficacy of these 
principles may vary with phenomenological changes in the task 

These indications, that differences in the difficulty of two me- 
chanically equivalent tasks ate concomitant with phenomenological 
differences, appeared to require verification in a situation where 
comparison could be made not only between two groups experienc- 
ing the same task in different ways but between mechanically equal 
tasks experienced in different ways by the same individual. 

Such a compaifson is made possible in the cancellation of the ma- 
terial shown in Figure 1. Of the 18 different symbols that appear 
in each block, five contain curved lines, five contain one or more 
right angles, five are triangles, and seven are miscellanous figures. 
The total number of symbols containing curved lines is 26; of lines 
containing right angles, the same; of triangles, 22 The cancella- 
tion of the symbols containing curved lines is mechanically equiva- 
lent to the cancellation of the figures containing right angles in the 
sense that both involve the same number of pencil strokes distributed 
fairly evenly over the same area. 

Part 1 

Subjects . Eighty-eight students in a second-year undergraduate 
laboratory course acted as subjects m the first part of the experiment, 
which was conducted as a group test. 
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Procedin e. The subjects were issued mimeographed sheets of 
the material to be cancelled and were shown one of the three lists of 
symbols to be cancelled as shown in Figuie 1. List A consists of 

Cancellation Test tlalertat 
G <4 V Q&U O to A O p V CA 

A •O' A [7^Jy Cl a V <4 fck U 4 a oA 
<= □ a & y 0 c* p ifo fet^oab'o 
A V <3 PoqG, G hA Q *0* <b 

vAladcaov© A W A Cl Oo{) 

7 a 3 As 

A. GOP'ofy C O 

13 06Go^ D 0 0(50 A 

E 

FIGURE }, 

five miscellaneous figures, list B of all the figures containing curved 
lines, and list C of all the figures containing right angles. After can- 
celling the required figures in the first block as rapidly as possible the 
subjects were asked to make a note of anything which had helped 
them to remember the symbols to be cancelled and were instructed to 
do the same for the other two lists, cancelling each list in turn until 
each had been cancelled in six blocks. Each subject timed himself. 

Results. Forty (45 per cent) of the subjects reported that they 
discovered the principle “cancel all figures with curved lines” in 
performing task B Twenty-one others reported that they had used 
the concept “three circles, ant oval, and a ‘do-funny’ ” in this task. 
The remaining 27 reported no principle 
The average performance time of the last trial shows a clear rela- 
tion between the concept derived and the performance times shown 
in Table 3/i 

Of the 40 subjects who recognized the task as the cancellation of 
all symbols containing a curved line, every one made faster time 
on the sixth trial than the average of the individuals who did not 
report any concept of the symbols. Conveisely, only one member 
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TABLE 3 A 

Average Performance Times, Task B , Last Trial 






Subjects slower Subjects faster 





than av, of 

than av of 


Pnnci pie 

F 

Seconds 

group 1 

group 3 

1 

(No concept) 

27 

41 6±12 4 

28% 

4% 

2 

{Three circles) 

21 

32 0±5 8 

5% 


3 

(All curves) 

40 

24 1±6 5 

0% 

50% 


of this “no concept” group was able to perform the task as quickly 
as the average member of the group deriving the principle. The 
subjects using the concept “three ciicles, the oval, and the pie” were 
intermediate to tile other two groups in performance time, only one 
of the 21 being as slow as the average member of the “no concept” 
group and only two as fast as the average of the “curve concept” 
group 

The average superiority of 17.5 seconds which the "curves” group 
had over the “no concept” gioup is exactly equal to the average 
improvement made by all subjects on the first trials on which tile 
concept was reported. The abrupt improvement occurring at this 
point may be easily tiaced in Table 4 Two featuies of the per- 

TABLE 4 

Median Performance Times or Subjects Reporting thb Principle “Cancel 
All Curved Lines” 


Trial 


F 

reported 

1 

2 

3 

4 

5 

6 

13 

I 

32 

30 

28 

22 

23 

20 

5 

2 

70 

35 

29 

27 

24 

24 

3 

3 

53 

48 

33 

36 

27 

20 

6 

4 

62 

45 

43 

33 

32 

32 

7 

5 

60 

53 

51 

43 

30 

25 

6 

6 

52 

50 

35 

35 

42 

24- 


Explanation 13 subjects reported that they had used the principle on the 
first trial The 5 subjects who reported using it for the first time on the 
second trial averaged 70 seconds for the first trial, 35 for the second, and 
29 foi the third 

formances of task B are at once apparent in this table the uniformi- 
ty of the performance time at which the principle is first reported, 
and the comparatively small degree of improvement thereafter 
Among the subjects reporting the concept later than the first trial, 
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the average improvement on the trial immediately preceding the 
report was 17.5 seconds, the aveiage improvement on other trials 
was 3.4 seconds. 

Only 18 subjects reported the discovery of the principle “cancel 
all symbols containing right angles” in task C. Those who did were 
superior in this task to the 70 other subjects, who reported less 
inclusive concepts, or none at all : 


TABLE 4 A 

Average Performance Times, Task C, Last Trial 


Principle 


Seconds Slower than 4 Faster than 5 


4, (No concept) 70 43 7+14 1 45% 13% 

5 (‘Right angles’) 18 35 8+ 9,2 28% 55% 


No subject reported any inclusive concept for the symbol to be 
cancelled in task A. The mean final time for the 88 subjects was 
45 7+15.1 seconds Thus where no principle was reported there was 
no reliable difference in the peiformance times of the three tasks, the 
final aveiages being 45 7dt 15 1, 41.6±12 4, and 43 7=1= 14 1 seconds 
for A j Bj and C. The giaph in Figure 2 shows how similar was the 
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course of improvement among these tasks. It is interesting to note 
in this figure the nature of the cuive which describes the performance 
times of the 13 individuals who reported the "curved line" concept 
at the end of their first trial in task B. It follows a course similar 
to that of the “no concept" curves but is faster throughout. The 
performance times of gioups who derived the “curved line” princi- 
ple at a latter stage show a sudden drop from the higher to the 
lower level as the concept is repented, as shown in Figure 3 


cmttHfiTtoN rn$KB 

tied/ on Performance Times 



— Concept a 


i Summary, When three mechanically equivalent cancellation 
tasks were performed by 88 subjects the peiformance times of the 
sixth trial proved to be a function of the subjects' concept of the 
symbols to be cancelled. 

In the same task the concepts were effective in the order of then 
pat simony “Cancel all curved tines" was performed in an average 
time of 24.1 seconds; “cancel all circles, the oval, and the piece of 
pie" in 32 0 seconds; and the average time of subjects using all other 
methods was 41 6 seconds. 
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When two principles were equally parsimonious (“cancel all 
curved lines” and “cancel all figures containing right angles”) the 
principle involving the least perceptual differentiation in its use was 
the more effective by 24.1 to 35.8 seconds 

Part 2. The symbol cancellation was continued by five graduate 
students with one or more tnals daily for a period of three months 
In addition to the tasks used in the group experiment these sub- 
jects also pcrfomned task D, which was the same as B except that 
the square was substituted for the oval, making the principle “cancel 
all curves” inapplicable Task E , which could be performed by can- 
celling all triangles, was performed by all subjects until the concept 
had developed and thereafter continued by only one subject. 

At the end of 90 trials the subjects were tested by being asked 
to cancel the required symbols from material in which the order of 
the symbols had been changed. 

Results. The results in general conform closely to those of 
the fiist section. Task B was, even after 90 tuals, the easiest for all 
the subjects who perfoimed the tasks in rotation. In the case of the 
one subject who performed both B and E> the two tasks amenable 
to solution by the most parsimonious principles (“cancel all curves” 
and “cancel all triangles”), the performance tunes were almost equal, 
with B slightly superior The “cuivcs” could be judged on the basis 
of the bottom line, while more complete perception of the “triangles” 
was necessary since there were seveial other angulai figures in the 
material 

D , differing from B in only one symbol, required about 25 per 
cent moie time for performance throughout While all subjects used 
the principle “cancel all curves” in task Bj the concept in D was 
“the circles, the squaie, and the pie ” The perfoimance times of the 
subjects in Part I who had used a similar concept “the circles, the 
oval, and the pic” for task B had closely approximated the times of 
the group using the more parsimonious but perceptually more diffi- 
cult concept “cancel all light angles" in task C All the subjects 
in this section used this “right angle” principle in solving C. and 
the close correspondence of performance times with those of D may 
be seen in Table 4 

In those tasks, B, C, Dj and where general concepts of the 
group of symbols to be cancelled were derived, the individual per- 
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formancc times showed marked drops when the concept was rcpoited. 
B, G, and E offer the most inclusive and consequently parsimonious 
concepts, "all curves," "all light angles,” and "all triangles”; and 
the perfoimance times weie in order of the peiceptual difficulty of 
applying the concepts - B, E, and G. 

It will be noticed that the performance times for tusk A , while 
showing a moie giadual late of diop, came by the twentieth tiial into 
the approximate level of tasks C and D Although the use of ex- 
plicit principles and concepts had greatly acceleiated learning at 
first it may be possible that in some cases the adoption of a static 
pnnciplc may "freeze" the peiformance and piolubit fuither progress 
Something of the soit may have occurred in Vincent's (3) experi- 
ment where the rats given visual cues made much gi eater initial 
progress but were eventually excelled in perfoimance tunc by the 
animals who did not use visual cues and did not have to slow down 
to watch for them 

The results of the previous experiments in this series had led the 
experimenter to anticipate this result To check this possibility one 
subject was not asked to learn task A until he had completed the 
others. He was then told that it was not possible to dcuve a com- 
pact, inclusive concept of the task A symbols, but that he could use 
any method he wished in learning the task. He determined, to learn 
the location oi each symbol to be cancelled and in two weeks, as 
shown in column A\ Table 4, he had, by the aid of a rhythm he dis- 
coveied in the material, reduced the time of cancelling the 22 symbols 
to 3 6 seconds His best time foi task B had been 6 4 When 
tested, however, on the same material in changed order his time for 
A rose to 26 5 seconds, while B was pci formed in 8 1. In // he had 
learned to mark certain locations, in B he had learned to cancel 
curved lines The learning in A was applicable to only one block 
of symbols, (hat in 2? to any situation wheie there were figures with 
curved lines 

All subjects, as shown by the peisistent omission of certain sym- 
bols, learned to depend partially on the spatial position of the symbols 
to be cancelled Judging by the comparative inci eases in time when 
tested on cancellation of new material, the dependence on location 
was much gi eater in A, where no paisimomous principle of per- 
formance was possible 
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Summary. Foui mechanically equivalent cancellation tasks were 
performed 90 times each by five subjects 

A list of symbols which could be cancelled by use of the principle 
“cancel all curved lines” was cancelled at least 25 per cent faster 
than the same list in which a square had been substituted for an oval 
to make perfoimance by the single piinciple impossible 

TABLE 5 


Symbol Cancejlation Median Times of Five Subjects 


Trial 

A 

Task 

B C 

D 

A '* 

1 

46 6 

41 4 

56 0 

57 6 

25 3 

10 

35 7 

17 1 

28,8 

26 4 

14 3 

20 


15 0 

20 0 

21 3 

13 8 

30 


14 6 

20 3 

18 5 

9 6 

40 

165 

11 6 

18 5 

16 5 

8 7 

50 

15 3 

11,2 

164 

13 8 

6 6 

70 

13 3 

10 0 

14 2 

14 8 

46 

90 

12.0 

90 

128 

114 

3 6 

Test 

25 7 

13 9 

19 2 

16.4 

26.5 


*One subject only See test 


The task which could be performed by cancelling all curves was 
performed faster in all cases than the task which could be performed 
by cancelling all right angles. 

The relative difficulty of the tasks, measured either by initial rate 
of improvement or by speed in cancelling from new material, was 
determined by the degree of pai simony of the principles of pro- 
cedure and by the perceptual difficulties involved in their use. 


General Summary 

The results of the five experiments on human subjects which have 
just been described appear to warrant the following conclusions • 

1. Difference in difficulty between two mechanically equivalent 
tasks corresponds to a difference in the way the two tasks are ex- 
perienced (Experiments 1, 2, 4) 

2. Individuals solving pioblems use general principles and 
methods of procedure (Experiments 2, 3) which are modified ac- 
cording to the exigencies of the situation (Experiment 3). 

3. The relative speed of learning among mechanically cquiva- 
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lent tasks is determined by the degree of parsimony of the principles 
required for performance, and by the perceptual difficulties involved 
m the application of these principles (Experiments 2, 3, 4). 

4. There are some indications that the greater speed of learning 
of tasks amenable to performance by parsimonious principles is also 
associated with gieater efficiency in delayed recall (Experiment 2) 
and, what may be the same dung, with greater transfer (Experi- 
ment 4) 

Accepting for the moment the validity of these conclusions, their 
implications for pedagogy arc unmistakable, Where, as in most edu- 
cational situations, the pumc considciation is the acquisition of an 
adequate peifoimance m the shortest possible time, the comparative 
times necessary to bring two alternative tasks to the required stand- 
ard of performance me of prime importance If it is possible to 
predict which of two equivalent tasks will be learned the faster It 
is possible to predict how any task may be altcicd to accelerate 
mastery 

In the next section the validity of the third conclusion will be 
tested by applying it to piediction of the maze-running performances 
of white rats 
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LA DIFFICULT]! RELATIVE DES TACHES MfiCANIQUEMENT 
fiQUIVALENTES’ I L'APPRENTISSAGE HUMAIN 

(Resume) 

On a fait celte £tude dans le but d’exnnuner exp^nmentalement la 
n6cessit£ des suppositions de la relation entre l’exp£nence et l’activitfe du 
type sugg^re dans les expressions 'possession', 'connaissance profonde’, et 
'moyens — but9 — relations’ La methode gene rale a compris une 6tude de 
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1’effet sur Fexecution dcs differences empiriques cntre les tachea qui exigent 
line activity mot rice identique ou equivalence Avec unc rcponse motnce 
d'une sorte Equivalente ll eat possible dc faire dea situations oil Pon peut 
controler d’autres conditions ‘objectives' et comparer directement les dif- 
ferences dona FexEcution ou dona le temps dc l’apprentissnge avec les 
differences phenomEnologiques entre les taches 
Dans une sErle d’experiences comprenant Fassociation controfee, la 
memorisation des triades de lettres, la completion de series dc numEros, 
et la cancellation de sytnboles i! paraissait que le temps neccssaire pour 
Fexecution d’une tache a Et6 dependant dc la conception de la nature 
de la tache par le sujet, plus le principe employe dans 1’exccution a efe 
parsimonieux ct plus la differentiation perceptive easentiellc if son appli^ 
cation a Etc manifeste, plus son execution a ete efficace, 

Snygg 

DIE RELATIVE SCHWIERIGKEIT DER MECHANISCH GLEICH- 
WERTIGEN AUFGABEN I DAS MENSCHLICHE LERNEN 

(Referat) 

Der Zweck dieser Forschung war die expcrimcntcllc Untersuchung tier 
Notwendigkeit fut Annalimefl uber das Erfaliiungs-Tatigketfsverhaltnis von 
dej Art, die bei Ausdrucken wie "Zugehoieji/* “Einsicht,” und "Mittel-Ziel- 
verhaltmsse" vorkommen Die allgemeine Methode gebraucht eine Untci- 
suthung der Wirkung der Erfalirungsunterschicde zwiscbcn Aufgnben, die 
ldentnche oder gleichweitige Motoitatigkeit vcrlangen, auf die Leiatung 
Bei Motorreaktionen, die gleichvvcrtig sind, ist cs mdglich, Situationen auf- 
zustellcn, wo andeie “objektivc” Umstande kont rolliei t und Unterschiede 
in der Leistungs- oder der Lernzeit unmittelbar mit phanomenologischen 
Untersclueden zwischen den Aufgabcn verglicben weiden konnen 
In einer Reihe von Experimcmen uber kontrollierte Assoziation, das Aus- 
wendiglernen von Buchstabendreizahlen, Zahlreihenerganzung, und Sym- 
bolpusstrcichung erschten eg, dass dip notige Zeit zur Ausfuhrung emei 
Aufgabe von der VorsteHung der Person uber die Natur der Aufgabe 
abhangt, je spammer der gebrauchte Grundsatz in Hirer Ausfuhrung und 
je augenschcinhcher die Wahrnehimingsuntcrscheidung, die zu deisen An- 
wendung notwendig ist, des to wirksamci ist ibre Leistung, 


Snicg 



THE RELATIVE DIFFICULTY OF MECHANICALLY 
EQUIVALENT TASKS II. ANIMAL LEARNING* 

From the Department of Psychology, University of Toronto 


Donald Snygg 


In the first section of tins investigation (6) an attempt was made 
to examine experimentally the necessity for assumptions of experi- 
ence-activity relationships of the tvpc implied m the expiessions 
"belonging,” "insight,” and "mcans-cnd-relations " The method 
involved the presentation to human subjects of tasks requiring iden- 
tical or equivalent motor activity With the motor 1 espouses equiva- 
lent it is possible to attribute differences in amount of perfoi mance or 
in learning time to phenomenological differences between tile tasks, 
and thus to examine objectively the experience-activity relationship 
Undei such conditions it was found that I he time required for per- 
formance of a task was dependent upon the subject’s conception of 
the nature of the task The more parsimonious the principle and 
the more obvious the perceptual differentiation essential foi apply- 
ing it, the more complete the perfoimance in terms of the criteria 
used, 

As a general thesis applicable to the whole field of behavior of 
learning, the conclusion suffers from the narrow field in which it was 
derived The tests in general were of an abstract type lcquinng 
a minimum of motor activity. Will the hypothesis piove valid in 
the learning of motoi activity by animals? In the following section 
it is purposed to test the validity of the hypothesis in maze learning 
by white rats 

Mazes 

The mazes used in the following experiments were ten-section 
modified Waiden U-mazes (3), the individual sections having built- 
in floors and being fitted with a tongue at the exits and groove at the 
entrance for easy shifting All sections were identical except that 
the interiors of the sections used in the visual mazes were painted 

*Recommended by E A Bott, accepted for publication by Carl Murchison 
of the Editorial Board, and received in the Editorial Office June 1, 1935 

321 



322 


DONALD SNYGG 


white on one side and black on the other, the dividing line running 
down the wall and floor directly in the middle of the entrance The 
other maze sections were painted black Since ten sections were 
used in all cases all paths wete of equal length and number of turns 
Doors to prevent retracing were used only at the starting-box exit 
and the food-box entrance 


Procedure 

The animals used were pui chased from a local dealer and were 
five to seven weeks old when the experiments were begun As a pre- 
liminary training the animals were fed in the food box of the maze 
for five days. During the experiments two runs were made each 
day at an inteival of nine hours. The animals were allowed to 
feed two minutes m the food box and weie then removed to the feed- 
ing cage. No food except lettuce was supplied in the home cage. 

The cnterion of learning was thiee enoiless runs in four consecu- 
tive trials. The placing of both front feet into a blind alley was 
scored as an error. 


Experiment 1 

What is the comparative difficulty of a maze constiuctcd on a 
visual principle (correct path black, blind alleys white) with a con- 
ventional maze of identical pattern and dimensions? 

Mazes , Maze B: a Warden U-mazc of the standard LRRRLL- 
RLLR pattern (3, 8) 

Maze B-W : An identical maze with the blind-alley half of each 
section painted white. 

Subjects Two groups of white rats, 13 in each group The 
groups were equated for weight and theie were six males and seven 
females in each group 

Procedure, Group 1 was run in maze B and Group 2 in maze 
B-W for 45 trials each The groups were then interchanged, Group 
2 being run in maze B for 45 trials and Group 1 in maze 
B-W for 30. 

Results 1. The maze constructed on the visual principle was 
learned the more rapidly by seven and six trials as compared to 45 
and 34. 
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TABLE 1 


Median trial Number Percentage Fastest 

learned Range learning learning time 


Ma?e U 


Group 1 

34 

14* ? 

7 

5+ 

7 4 (43) 

Group 2 
Maze B-W 

4-5 

3* ? 

7 

54 

7 4 (26) 

Group 2 

7 

5-17 

13 

too 

7.0 (26) 

Group 1 

6 

3-17 

11* 

100 

7 2 (10) 


♦Two animala died near the end of the runs in B. 


2. All animals learned the B-W maze within 17 trials while 
only 54 per cent learned the B maze in 45 trials. 

3. The percentage of perfect runs in maze B after fulfilling 
the criterion of learning was 55 5 for Gioup 1 and 61.8 for Gioup 2 
The corresponding percentages in B-PV were 91.8 and 93 4. 

4. In maze B-W all animals had made nine perfect runs out 
of 10 consecutive trials by the 24th trial In maze B only 20 per 
cent of the animals were able to reach this standaid by the 45th 
trial. 

5 Performance time of the rats in the B-PF maze, although 
approached bv the rats in the B maze, remained superior to the end 
of the experiment 

6 In spite of the fact that the two mazes were spatially iden- 
tical, only one animal fiom each group was able to run the second 
maze on the first tiial after 45 mns in the first maze In both cases 
the performance time of these animals increased about four times. 

7. Of five surviving animals in Group I who had learned 
maze B, only one was able to run it without error two weeks after 
completion of the runs in maze BAY. The others made three, 
four, five, and seven eirors respectively 

8 Of the 13 animals in Group 2, seven made errorless runs 
m B-W two weeks after completion of the ions in B . 

Discussion The objective lesults of the experiment agree very 
closely with those of Vincent (9) except that the rats in the B-T'F 
maze remained throughout superior m performance time and made 
fewer errors than the animals in B It is likely that this difference 
in results is due to the different position of the visual cites in the two 
experiments In the present experiment both the black and white 
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wcie visible to the rat while he was still at some distance from them 
and he was consequently able to make his choice without slowing his 
pace as appears to have been necessary m the Vincent maze. This 
greater prominence of the visual cues in the present maze may also 
account for the gicatei accuracy of the animals in maze B-W Three 
of the 14 rats who “learned” maze B subsequently “forgot” it while 
the percentage of correct choices foi cither group in B-W never fell 
below 99.6 aftei the 20th trial. 

Summary When two comparable groups of rats were tun in two 
spatially identical mazes, one of which was constructed on a visual 
punciple, the group in the maze amenable to solution by derivation 
of a principle was superior in speed of learning, peiformance time, 
and retention. 

When the same group was run in both mazes, the performance in 
the maze constructed on the visual piinciple was superior. 

Experiment 2 

In the preceding experiment the maze constructed on the simple 
visual piinciple proved markedly easier to learn than the standard 
maze of the same pattern Two questions at once arise: 

a. To what extent may the learning of the B-W maze have 
been affected by a natural prefeience of the animals for dark pas- 
sageways ? 

b The animals in the B-W maze had, through the spatial iden- 
tity of the two mazes, the same possibilities for learning as the animals 
in the B maze, with the additional aid of the visual distinction be- 
tween correct path and blind alleys Would the learning take place 
faster than in the standard maze if animals in the visual maze were 
forced to rely upon the visual principle alone? 

To find an answei for these questions 26 rats were lun for one 
trial in a standard LRRRLLRLLR. pattern maze in which the 
correct pathways were painted white, the blind alleys black. On 
the basis of their performance in this trial they were divided into two 
equivalent groups. One group was trained in the test maze, which 
was designated as the W-B constant-pattern maze or W-BC. The 
other group was trained m a maze constructed of the same sections, 
on the same W-B principle, but with the pattern varied accoiding 
to the flip of a com for each tual This was the W-BV {W-B 
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variable-pattern) maze Both mazes were made up of the same 
sections and in every case contained the same number of right and 
left turns. 

Although the usual procedure was as described above, far pur- 
poses of comparison the variable group was run in maze JR-BC every 
tenth tnal On the 11th and 31st tnals both groups were run in 
a mirror image of the W-BG maze 

Results 1 In the fiist trial in the W-B mazes the animals 
were correct on only 38 per cent of the choices the first time the 
choices were made In B-PfS, 62 per cent of the choices had been 
coirect and in B, 40 per cent. This would appear to indicate an 
initial preference for the dailcer pathway 


TABLE 2 




Median tnal 
learned 

Range 

Percentage 

learning 

Fastest 

time 

Maze 

1V-BC 

7 

5-11 

100 


Maze 

W-BV 

10 

6-21 

100 

Wmmm 


2 Maze PF-BC was, in spite of this initial preference, learned 
as quickly as B-PF had been. W-BG was learned in seven tnals 
with a range of five to If , B-PF in seven with a range of five to 17 

3 Maze PF-BC was learned earliei than PV-BP / but both 
were learned much faster than B had been. 

4, Comparison of the constant and variable groups in the same 
maze is shown in Table 3 


TABLE 3 



Median 

C 

time 

V 

Perfect 

C 

runs 

V 

Median 

C 

errors 

V 

Maze W-BC 

Trial 1 

3+0 0 

319 0 

0 

0 

20 

19 

10 

8 2 

8 0 

11 

7 

0 

0 

20 

6 + 

80 

13 

10 

0 

0 

30 

73 

7 1 

12 

11 

0 

0 

W-BC reversed 

11 

16 0 

10 4 

1 

8 

2 

0 

31 

18 8 

8 2 

2 

10 

2 

0 


The group trained in the variable maze was only slightly inferior 
in accuracy and approximately equal in performance time to the 
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constant-pattern group when tested in the constant maze. It was 
markedly superior in other mazes involving the common principle 

Summary. Two comparable groups of rats were trained in two 
mazes constructed of the same sections and on the same W -B visual 
principle. When the gioups were compared in the constant-pattern 
maze the animals trained in that maze were somewhat superior 
in accuracy. When compared in mazes of other patterns the group 
trained in the variable-pattern maze was markedly superioi. 

The group tiained m the constant-pattern maze fulfilled the 3-4 
criterion of learning at the seventh trial, the variable-maze group at 
the tenth 

Conclusions. 1 In spite of a considerable difference in incidence 
of wrong choices on the first trial, there appears to be no significant 
difference in the difficulty of mazes constructed on light- and dark- 
path principles. 

2 A pure visual-discrimination maze with a variable pattern 
is only slightly more difficult to run accurately than a constant- 
pattern maze constructed of the same units; and the individual runs 
are made in approximately the same time. 

3. Animals in the W-BC maze depended partly on visual dis- 
crimination and partly on pattern. This was true to a lesser degree 
in the JV-BV maze, 

Experiment 3 

In the previous experiments mazes constructed on simple visual 
principles were learned in fiom one-third to one-sixth the number 
of trials necessary to learn standard mazes of the same pattern. 

Will the same ease of learning be found in mazes constructed on 
parsimonious spatial principles? 

Procedure . Nine animals were trained in a ten-scction maze of 
LLLLLLLLLL pattern; that is, the concct path is always to the 
left. 

Results. 1 The criterion of learning (3-4) was satisfied at the 
sixth trial The range of the group was from four to six, with no 
animal making an eiror after the third tnal. 

2. Even on the first trial no errors were made beyond the 
seventh section. 

Discussion The median trials lequired foi learning are quite 
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closely in line with those icquired for learning mazes of the same 
length and number of turns constructed on simple visual principles 
(Experiments 1, 2). The extreme shortness of the range, how- 
ever, is interesting in view of the findings of Krechevsky (4), which 
suggest that rats show somewhat greater readiness to adopt spatial 
than visual hypotheses. 

Experiment 4 

The distinction between "principle” and "perceptual difficulty” ns 
determinants of the degree of difficulty of mechanically equivalent 
tasks docs not mean that they arc to be thought of as independent of 
or unrelated to one another, since the chances of any one "principle” 
being used at all depend upon the perceptual difficulties of applying 

it 

To illustrate the point let us consider the mazes REEL LELLEE 
(J21-L9) and LLLLLLLLLR (L9-R1) Both are the same 
length and contain the same number of right and left turns To a 
human subject the simplest adequate directions are "mound the cor- 
ner and keep to the left,” and "nine sections left and then right ” 
The difference is not in the parsimony of the statements hut in the 
perceptual difficulties of carrying them into effect. The first in- 
volves the perceptual differentiation of the maze into two parts, the 
second demands its differentiation into ten sections, the first nine 
individually distinguished from one another by the verbal designa- 
tions "one, two . nine,” 

Since the differentiation necessary for the deiivation and use of 
the piinciple adequate for perfoi/nance of R1-L9 should be possible 
in less time than the moie complete differentiation necessary for the 
solution of E9-R1 (1), it should be expected that human subjects 
will learn the foimer maze more quickly than the latter. 

With rats the difference in difficulty between the two mazes would 
be accentuated since the pi maple of solution of maze L9-RI involves 
a mechanism of verbalization wliich they cannot command. If the 
results of Spragg (7) are applicable to this situation, the L9-R\ 
maze should be practically insoluble by rats Spragg ran four rats 
for 100 trials in a Walton U-maze of RRRRRRRL pattern and 
found that none of them was able to master the pioblem. 

Suppose, however, that a visual sign oi cue is placed in the en~ 
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trance to the tenth section of the L9-R\ maze. There Is now the 
possibility of solution by derivation of the principle "left to the 
sign, then right” ; and, if our postulates are correct, the chances for 
such a solution will increase with the size or impressiveness of the 
visual cue. 

We now have two mazes, R1-L9 and L9-RI, amenable to solution 
by what we may designate as principles of the second degiee of 
parsimony (to distinguish them from the umtaiy principle adequate 
for maze LIO in the last experiment). Although these two mazes 
do not differ in parsimony of principle they do differ considerably 
in the manner in which the principles are applied In view of the 
reported tendency of rats to use spatial cues, which will be adequate 
in R 1-L9 and inadequate in L9-£l (2) we should predict that R1 - 
L9 would be slightly more difficult to master than the more par- 
simonious Z.1Q and that the difficulty of L9-R\ would vary above 
this limit with the charactei of visual cue used. 

The experiment was carried out simultaneously with Experiment 
3 to allow comparison with the results of LIO. 

Mazes L9-£l, no apparent differential cues except a piece of 
white crayon laid in the entrance to the blind alley in section 10 
£1-L9, no apparent differential visual cues 
Subjects. Nine white rats chosen by lot simultaneously with the 
animals used in the previous experiment were run in each maze. 
Unfortunately one of the animals in L9-R1 died eaily in the ex- 
periment so the results of this group are for eight animals. 

Procedure , The amount of crayon placed in maze L9-RI was 
varied beginning with the 31st trial, as indicated below 


TABLE 4 



Trial 

learned 

Range 

Percentage 

learning 

Best time 

Trials 

run 

X.10 

6 

4- 6 

100 

6 8(6) 

10 

RI-L9 

6 

5- IS 

100 

63(8) 

20 

L9-RX 

41 

24-69 

100 

7.3(54) 

20 


Results. 1, Since £1-1,9 was learned in a median of six trials 
with a range of five to 18, and L10 in six with a range of four to 
six, the difficulty of R1-L9 was, as had been expected, only slightly 
greater than that of LIO Both appioximated in difficulty the 
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umtary-visual-principle mazes Investigated m the eailier experiments, 

2, L9-R\ was learned nioie slowly and was never run with 

any degree of consistency by any animal. Although all animals 
passed the criterion of three perfect runs out of four consecutive 
tnals, none passed a nine out of 10 criterion. 

3 During the first 30 trials in L9-R1 the percentage of perfect 
runs for each five trials was 12, 2, 5, 18, 25, and 12 The number 
of pieces of crayon in the cue position was then increased to 10 
and the percentage of crroiless runs rose to 28, 38, 43, 53, and 60. 
In the succeeding runs one piece of ciayon was removed at the end 
of each run Duiing this pciiod the perfect runs stood at 50 and 
55 per cent The percentage did not fall at once upon the exhaustion 
of the crayon, for the percentage on the next five trials was 57. 
It then diopped to 28 and 25 per cent, at which point the experi- 
ment was discontinued 


Experiment 5rf 

In the previous experiment, in which two mazes amenable to solu- 
tion by equally parsimonious pimclples were tested by comparable 
groups of white rats, one maze proved decidedly more difficult to 
master than the other, On the basis of our hypothesis such a differ- 
ence must be accounted for by the peiceptual difficulties of discover- 
ing or applying the postulated parsimonious principle. If this is 
true there are two ways in which it should be possible to teach the 
difficult L9-R1 so that it might be learned in as short a time as the 
"easy” maze £1-1,9. 

The possible methods of decreasing the difficulty of the percep- 
tual task are: (<?) inciease the size or vividness of the feature of the 
situation whose perception is necessary to solution, and (Z>) train 
the learners in other situations where the perception and recognition 
of similai signs arc necessary. 

Due largely to the accident that the only animals immediately 
available in the laboratory were four young rats who had been used 
in a motion picture demonstration of the B-W maze described in 
Experiment 1, both methods weie used in the present cxpci iment 
These animals had run from one to five trials in the B-W maze 
whose principle was "avoid the white," The maze now used was 
the L9-RI pattern, as used in Experiment 4, except that the last 



330 


DONALD SNYGG 


blind alley was painted white as in the visual mazes reported in 
Experiments 1 and 2. 

Results The maze was learned in six trials with a range of 
four to six. 

Conclusions The greater difficulty of maze L9-R1 in the previ- 
ous experiment when it was learned only after 41 tiials, as against 
six m the present experiment, was due to lack of perceptual promi- 
nence of the essential cues. 

Experiment 5b 

Was the peiformance of the animals who learned the L9-RI 
maze so readily based upon the pattein or the principle of the maze?' 
Although the rapidity of learning is almost enough to dispose of the 
first possibility without comment the question was answered by 
running the animals in an L1Q-R1 maze on the 7th trial and in 
an LS-R1 maze on the 8th. In both cases the last section had a 
wliLte blind alley All four subjects ran the maze without error 
in each case. 

Changes in the spatial character of the maze did not interfere 
with performance so long as the piinciple on which the maze was 
constructed remained unchanged 

Experiment 5c 

It does not necessarily follow, however, that the principle used by 
the teacher in planning a problem is the one used by the pupil in 
solving it. This lesson, learned in Experiment 3, Section 1 (6), 
was again impressed upon the experimenter by the behavior of the 
animals in the maze LS-R2 in which they were placed at the next 
trial, This maze, in which the ninth section had the white blind 
alley, was constructed by the experimenter on the principle, “Cor- 
rect path to the left, then right at the white section ” If the 
animals had derived this principle they should have lun the LS-R2 
maze without error Only one of the animals was able to do this; 
the other three turned left again at the tenth section. Two of 
these pushed and clawed at the door at the end of this blind alley 
for several seconds in a manner eloquent of confidence in the cor- 
rectness of their choice. Their behavior conformed to the principle 
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'‘left but stay off the white/’ which would have been quite adequate 
for all the mazes they had run up to that point. 

After further training in the £8-222 maze, in winch the criteria 
of learning were satisfied in five, 13, and 1+ trials by the three ani- 
mals who had erred on the first mn, three of the four animals ran 
the maze £8-223, also constructed on the “left to white, then right” 
principle, on the first trial The animal who had run the £8-222 pat- 
tern without enoi from the first trial was the one who made the 
only mistake 

At this point the group had made 23 runs in five maze patterns 
all based on the principle “left to the white, then right.” This prin- 
ciple also governed the construction of the maze with the crayon cue, 
used in the Experiment 4 maze. When the rats used in the pres- 
ent experiment were placed in the Experiment 4 maze (£9-221) all 
made errorless runs on the first dial, then 24th in mazes con- 
structed on this “left-sign-right” principle In the same evening 
only three of the eight animals in the Experiment 4 group, then in 
their 43rd trial in this maze, made errorless runs 

In spite of this successful run on the fiist trial the four animals 

were not able to repeat it on the next, The difference in the char- 
acter of cue used at the crucial section thus had its effect, not on 

the first but on the following trials The performance of these 

animals fell to the approximate level of the Experiment 4 group, 
already reported, and it was not until 20 trials later that the initial 
record of 100 perfect runs was equalled. 

Summaty, Four rats weic run in mazes, all constructed as fol- 
lows: the correct choice was always to the left until a white surface 
was encountered. From there the correct choices were to the right 

After mastering an £9-221 pattern all the animals were able to 
run £10-221 and £8-221 mazes without erior on the first trial. One 
of the four was able to lun an £8-222 maze without error on the 
first tiial. 

After mastering L%-R2 maze, three of the four ran an £8-223 
maze without erior on the first trial. All were then able to run 
without error an £9-221 maze in which the cue for a change m direc- 
tion was a pile of white crayon instead of the white surface. This 
performance, made on the first tnal, was markedly superior to that 
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of animals who had been trained in the test maze, and to their own 
performance in subsequent tiials in the same maze 

Summary 

Eight comparable groups of white rats were trained in one or more 
ten-section Warden U-mazes. With three errorless runs in four 
consecutive trials as the criterion of learning, mazes constructed on 
simple visual or spatial principles were learned in only 17 per cent 
to 29 per cent as many trials as the standaid maze of the same num- 
ber of sections 

1. Mazes in which the correct pathway was lighter or darker 
than the blind alleys were learned in seven tuals as against the 34 
trials required for the standard maze of the same pattern (Experi- 
ments 1, 2). 

2. A variable-pattern maze constructed on the simple “light 
pathway" principle was learned in 10 trials (Experiment 2) 

3. The maze constructed on a parsimonious “all left" principle 
was learned in six trials with a range of four to six, while the RLL- 
LLLLLLL “right, left” principle maze was learned in six trials 
with a range of five to 18 (Experiments 3, 4). 

4 A putatively insoluble maze (LLLLLLLLLR) was learned 
in 41 trials when crayon was placed in the entrance to the last 
Wind alley; and in six trials when the last blind alley was painted 
white (Experiments 4, 5). 

5 When a group of animals was trained in five mazes con- 
structed on the principle “left to the white blind alley, then right” 
the behavior in each new maze was in accordance with principles 
which would have been adequate for the solution of all the mazes 
run up to that time (Experiment 5b) 

6. Animals trained in a number of mazes constructed on the 
same principle were much more successful in running other mazes 
constructed on that principle than were animals whose training had 
been confined to one maze (Experiment 2). 

Conclusions 

The hypothesis that the relative difficulty of two comparable tasks 
is determined by the degree of parsimony of the principles used in 
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their perfoimancc and by the perceptual difficulties involved in the 
application of the principles is adequate for the prediction of the 
relative difficulty of the eight maxes investigated. As applied to 
mazes of equal length and number of choices it may be stated • The 
relative difficulty of two maze patterns composed of spatially equiva- 
lent units Is determined by the number of changes in procedure 
necessary for errorless performance and by the perceptual piominence 
of the cues which indicate whcie the piocedurc must be changed. 

This principle is not only adequate to explain differences in the 
numbei of trials required to run our own mazes but is very well 
illustrated by the results of Montpellier (5). His mazes m which 
the correct choice was always to the right, falling under our clas- 
sification of the most parsimonious pnnciple, were learned in 7 5, 5.6, 
and 8.0 trials icspectively His maze 1, involving a shift in proce- 
dure from simple to double alternation, required more than 15 trials 
with the most frequent errors occuuing in the section where the 
change in procedure was necessary. 

A decreasing incidence of error as the goal was approached in the 
simple pnnciple maze is cited by Montpellier as evidence for the 
goal-gradient hypothesis. We woxild rather regard it as due to the 
selection by some of the animals of an adequate procedure before 
the later sections are reached even for the first time In oui LLL- 
LLLLLLL maze the errors made at the successive sections on the 
first trial were: 

Section 123456789 10 
Eirors 522524300 0 

There is not only a decrease in the incidence of wrong choices as the 
goal was approached foi the fir>t time, but in the last three sections 
the correct choice was made on the first attempt by every one of the 
nine rats in the group The animals, in exploiing the earlier section 
of the maze, selected procedures which enabled them to make the 
correct choices in the last three sections the first tunc these sections 
were entered. Since these animals had never reached the food-box 
the phenomenon is not backward elimination or food -box condi- 
tioning It is rather analogous to the forward determination found 
by Wees (10) in the reproduction of narrative material by school 
children, m which the function of each Miccesstve item of the origi- 
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nal was limited and defined by the tenor of the preceding items 

Just as the possibilities of the narrative were increasingly limited 
and defined by each new item, the possibilities of the maze were 
narrowed by each successive section until every animal had selected 
an adequate procedure. 

In general, those mazes where the adequate procedure might be 
based on the general character or principle of the maze were learned 
much faster than those where the performance must be pertinent to 
individuated features of the maze 

General Conclusions 

The results of these experiments, together with those of experi- 
ments on human subjects (6), appear to warrant the following con- 
clusions . 

1 , The diversity of difficulty among mechanically equivalent tasks 
is concomitant with phenomenological differences among the tasks. 
Tasks experienced as equivalent are performed with equal facility; 
tasks experienced as different are performed in different times. 

2, The degrees of difficulty of two mechanically equivalent tasks 
are in the same relation as their experienced complexity The rela- 
tive speed of learning is determined by the experienced simplicity of 
the procedures required for performance and by their peiceptual 
practicability. 

3, When an individual, rat or human, is confronted with a task, 
he shows an activity which might be described as the selection of 
a procedure for its performance. 

4 The general procedure be adopts is determined by his initial 
perception of the nature of the problem ; it is a gross response to a 
relatively undifferentiated situation Problems experienced as simi- 
lar are attacked by similar procedures In the present investigation, 
the tasks constructed upon single parsimonious principles, and thus 
amenable to peiformance by these immediate responses to the grosser 
aspects of the problem, were mastered in a fraction of the time le- 
quired for the learning of tasks whose performance necessitated be- 
havior specific to vaiious segments of the situation. 

5. Should the first pioccduie, the response to the gross situation, 
prove inadequate, the task is differentiated perceptually into seg- 
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merits each of which may be solved by simple procedures The 
greater the number of sub-problems into which the task must be 
differentiated and the greater the difficulties of this differentiation, 
the longer will be the time required for mastery 
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LA DIFFICULT^ RELATIVE DES TACHES MtfCANIQUEMENT 
ItQUIVALENTES • II. L'APPRENTISSAGE ANIMAL 

(Resume) 

Dans la premifere section de cette etude il paiaissnit que le temps nices- 1 
saire A 1' execution d’une tache a dependu dc la conception dc la nature de 
In tache par le sujet plus le principe employfi a £t£ parsimorueux ct plus la 
diff£renciation perceptive esscntielle A son application a eti manifesto, plus 
l’ex£cution a 6t6 efficacc 

Cette hypothise s’est montree satisfaisante pour la prediction exactc de 
la difficulty relative chez les rats blancs de huit formes diverses dcs laby- 
nnthes U de Warden h 10 sections, Les labyrmthes construits selon de 
simples principes visuels ou spatiaux tcls que "vrai parcours ton jours blanc" 
ou "vrai parcours toujours il gauche/ 1 lesquels ont et£ ainsi ouverts ft. 
1’ execution par un seul proc£d£, ont appris cn de 6 ft 10 ftpreuves; en 
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contraste avec tea 34- et 45 Sprcuvea nkessaires & deux groupes pour 
apprendre le labyrinthe '‘ftalon*’ de la mem$ longueur et du meme nombre 
de tournants Une autre foime, supposiment insoluble par les rata, a 6t6 
appria par un autre groupe en 6 £preuves quand la preeminence du rep^re 
a ete augmeiUce Selon ^expectation, les tfches exigeant deux procedes pour 
retention ont 6t6 d’une difficult interned in ire entre les tUches d’nn proc^de 
seul et celles de procedea multiples. 

Snycc 


DIE RELATIVE SCIIWIERIGKEIT DER MECHANISCH GLEICH* 
WERTIGEN AUFGABEN II DAS TlERLERNEN 

(Referat) 

In dein ersten Tell diesei Untersnchung orscluen es, dass die notige Zeit 
zur Ausfulming einer Aufgabe von der Vorstellung der Person nber die 
Natur der Aufgabe abhangt je sparsamei der gebiauchte Grundsatz und 
je nugensdeinliclicr die Wahrnehmungsunterschoidung, die 7U dessen 
Anwendung notwendig ist, dcsto wirksamer die Lei&tung 
Diese Hypothcse zeigte sich hinreichend zum genauen Voraussagen der 
relativen Schwicngkeit bci xveissen Ratten von acht veischicdenen Mustern 
von zehnteiligen Warden U-Labyrinthen Die Labyrinthe, die nach em- 
fachen Gesichts- odor Raiimgrundsatzen gebaut wurden, z,B "der richtige 
Weg Immcr weiss" odcr “der ricluigc Weg lmiiicr nach links, ,f die auf 
diese weisc der Leistung durch ein cmzelnes Verfahrcn offen waren, wurdcti 
m von 6 bis 10 Proben im Gegensntz zu den 3+ und 45 Proben bemeistcrt, die 
von zwei Gruppcn zum Lernen dea “Standardlabvnnths” dcrselbcn Lange 
und Anzahl der Biegungen erfordert wurden Ein andcres Muster, das 
angeblich unlosbar fur Ratten ist, wurde in 41 Proben gelcrnt, wenn erne 
optlsche Ililfe in den nchtigen Tell dcs Labynnths gcsteHt wurde, und es 
wurde von enter anderen Gruppc In 6 Proben gelcrnt, wenn die Sichtbar* 
keit der Hilfe vennehrfc wurde, Als erwartet wurde, lagen die Aufgaben, 
die zwei Veifahren zur Ausfuhrung erforderten, zwischen einzdnen nnd 
viclfachen Verfahrenaufgaben an Schwicngkeit 


Snycc 



THE ASSOCIATION VALUE OF THREE-PLACE CON- 
SONANT SYLLABLES* 1 


from the Psychological Laboratories of the Institute of Human Relations, 

Yale University 


Louise R. Witmer. 


This study was an attempt to construct a new material for use 
m memory experiments, in which the units consist of three con- 
sonants each instead of the usual two consonants separated by a vowel 
A survey of the list of “consonant syllables,” however, showed that 
there wcic several units which weic meaningful ns abbreviations, 
symbols, or words with the vowels omitted* HCL, BLW, FSH. 
The fiist step m the standardization of the material appeared to he 
the elimination of all meaningful combinations, and this lcsearch 
was an application of Glaze’s (5) method to classification of con- 
sonant syllables by association value 

Since pronunciation of syllables has commonly been replaced by 
spelling of the lctteis (9), consonants offer many possibilities Ovei 
5000 such combinations can be made, and so the experimenter may 
compose many test lists without the necessity of repeated items 
The absence of a vowel lessens the similanty to words, and the fact i 
that they cannot be pionounced also decreases mcanmgfulncss 
Ebbmghaus, m his classic study, “Memory” (2), introduced the 
nonsense syllable, which he supposed to be a moie homogeneous 
material than poetry or prose because of its meaninglessness. Non- 
sense syllables were composed of a vowel or a dipthong between 
two consonants and were pionounced as a word He did not attempt 
to discard the meaningful combinations but claimed that they were 
very lare, “scarcely a few dozen” in a total list of 2300 Such 
material was championed at once because it lent itself to a large 

^Recommended by Edward S Robinson, accepted by Carl Muichison of 
the Editorial Board, and received in the Editorial O/fice March 14, 1935 
'This woik was done at the Psychological Laboratories of the Institute 
of Human Relations and presented to Yale University for the degree of 
Master of Science The writer wishes to acknowledge her indebtedness to 
Dr. E R Hdgard for his suggestion of the problem and his criticism and 
encouragement throughout the investigation 
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number of combinations which were thought to be quite com- 
parable and could therefoie be measured mathematically* 

Almost fifty yeais have passed since Ebbmghaus made his contri 
bution, but few improvements have been made in the original foimula, 
His assumptions were accepted without expeumental proof, and 
many workers carefully prepared lists of syllables according to defi- 
nite principles for use in their research Mullei and Schumann (12) 
composed over 2000 nonsense syllables in Geiman, but they too 
included the monosyllabic words Meamngfulness concerned them 
only when two succeeding syllables in a series made a word or 
phrase, as, for example, W eib-hch or gib-mu, and all such se- 
quences were ruled out when the lists were constructed Gamble 
(4) made the following comment upon their lists’ "In a set of thirty 
German normal series of eighteen members each, with no syllable 
duplicated, the writer can find only fifteen Geiman words (2 8 per 
cent of 540), including dialect words and all verb foims.” She 
constructed a similar list of English syllables and found that 86 
were words or slang and 59 moie were phonetic spellings, 145 in all 
or 26 8 per cent 

Kjerstad (7) studied the form of the learning cuive with non- 
sense syllables, digits, and words and found least negative accelera- 
tion in the curve for digits. This was explained, he thought, by 
the fact that digit units are more homogeneous and hence more 
equal in difficulty, whereas the first syllables to be learned are those 
which are easiest because meaningful Some number groups were 
easy for some individuals because they resembled familiar dates, 
street numbers, or post box numbers. He also used a few groups 
of three consonants in his study, and the curve approached that for 
numbers in that it showed less initial rise, 2 They requued more 
repetitions for learning than either syllables or numbers The 
factor of greatei difficulty may be deduced from the assumption of 
less meamngfulness of consonants and that of less negative accelera- 
tion from greater homogeneity of the material, 

Cason (1) published a list of 300 nonsense syllables from which 
he had eliminated all those with difficult pronunciation and those 

“He does not discuss the method of constructing groups of consonants 
The data foi learning of this material are based on one subject and 12 
syllables 
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winch had been judged meaningful by several "qualified persons ” 
The lcsultant list was extremely meager, and lie still found "about 
half of the syllables in a large dictionary,” By requiring syllables 
that were easy to pronounce, he omitted much of the best nonsense 
material 

The first experimental attempt to study meaningfulness of non- 
sense syllables was made by Glaze (5) He prepared all possible 
combinations of two consonants with a vowel between, using Y both 
as a vowel and as a consonant. From this group all English words 
were omitted The remaining list of 2019 syllables was piescnted 
tachistoscopically (and spelled bv the cxpeiimentci ) to 15 un- 
dergraduate students with instructions to indicate what meaning 
each had, if any The syllables were classified m 16 gioups accord- 
ing to their "association value.” Thus, a syllabic to which each 
of the 15 subjects responded was judged to be 100 per cent mean- 
ingful, and one which jeceivcd only seven responses was given 46.7 
per cent association value The 0 per cent syllables were those 
for which no subject icportcd meaning BAL, DIF, and WIL arc 
examples of meaningful material and GIW, KYH, and TOV of 0 
per cent value. There are 101 syllables which have no association 
value, and those of 50 per cent or less total 1046 The mean of his 
distribution is 7 48 responses per syllable, or 50 per cent association 
value, and the sigma 4 53. Though it is obvious that the 16 groups 
aie not reliably different, it is probable that the 93 33 per cent and 
the 53.33 per cent syllables are leliably diffeicnt, as are the 46 67 
per cent and the 6 62 per cent syllables, because the difference is 
2 44 times the standaid deviation in both cases 

McGeoch (10) compared lists of nonsense syllables of 0 per cent, 20 
per cent, 47 per cent, 53 per cent, 73 per cent, and 100 per cent asso- 
ciation value for difficulty of learning when studied for periods of 
60 and 120 seconds by the method of complete presentation The 
recall scores showed a positive relation between increase in amounts 
learned and increase in association value, although there was no dis- 
tinction between the 47 per cent, 53 per cent, and 73 per cent groups. 
Three-letter words were found to be less difficult than syllables. In 
an unpublished study by Melton (11) lists of syllables from Glaze’s 
0 per cent, 47 per cent, and 100 per cent categories were learned by 
the anticipation method Ease of learning increased with greater 



340 


LOUISE R WITMER 


association value as shown by the number of trials requned for mas- 
tery and also bv the jecall scotes. 

By varying the technique, Hull (b) found important changes in 
results which were reliably different fiom those of Glaze, The 
subjects Were instructed to attempt to leain by the anticipation 
method a list of nonsense syllables which was piesentcd to them 
three times, pronouncing each syllable as a word while studying it 
If any syllable brought to mind some association, they were asked 
to tell the experimenter, but they were cautioned not to seaich out 
meanings dclibeiately Hull’s subjects found the material much less 
meaningful, the average association value by Ins method is only 21.3 
pei cent The differentiating factois seem to be (1) the pronun- 
ciation of the syllables and (2) the fact that the pioblem of memori- 
zation was uppeimost in the subject’s mind* 

Krueger (8) studied the relative difficulty of 2183 nonsense 
syllables for 200 people by piesenting the material orally to small 
groups of students. Each item was spelled twice by the experi- 
menter, and the subjects had seven seconds m which to wnte down 
any meaning which occuired to them. He arianged the syllables 
m 200 lists according to the numbei of lesponses leceivcd Such re- 
sults point out the fallacy of Ebbinghaus’ assumption of the homo- 
geneity of nonsense syllable material, 

Senes of single consonants have been used successfully by Robin- 
son (13) in a study of letroactive inhibition He presented lists 
of eight consonants by the memory-span method, in which the first 
four represented the ouginal list and the second four the inter- 
polated activity of the conventional expenment Degrees of simi- 
larity were adjusted by vaiying the number of letters common to both 
series. With othci methods of leatning (foi example, anticipation 
or reproduction of the material learned) that require long lists or 
large numbers of units, single letters, like digits, must be repeated 
too frequently. By using groups of three or more consonants the 
number of items is tremendously inci eased 

Technique 

Since consonant syllables are to be used in investigations of 
memoiy, a test of then meaningful ness should duplicate as far as 
possible the methodology of such experiments The technique em- 
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ployed by Luh (9) was chosen as a guide because his methods arc 
generally accepted for such work His apparatus was a lotatmg 
dium on which typewritten lists of nonsense syllables were affixed 
so that one unit would be exposed at a time Finkenbinder’s (3) 
anticipation method was employed, and the subjects weic instructed 
to spell each syllabic aloud letter by letter The time of exposure 
for each item was two seconds- This problem of the tunc interval 
has been a difficult one, and investigators aie not yet agreed as to 
the relative meuts of shorter and longci exposures Since subjects 
are usually instructed to attend to the syllable at hand and not to 
attempt to reheaise the list, a two-second interval is commonly used 
Thus, the appaiatus, the method of picscntation, the time interval, 
and the spelling of letteis are the important features to be paralleled 

The appaiatus for this experiment was a rotating mommy drum 
modified by the addition of a second cylinder some distance behind 
the dium to permit the use of long bands of material, so that they 
would not have to be changed during one sitting The drum was 
turned mechanically by a constant speed motor. A small aperture 
in the screen winch covered the dium permitted the subject to see 
one syllable at a time and could be adjusted horizontally by the 
experimentei. The letters were typed on heavy white paper in 
Gothic capitals 4 by 6 mm in size. Conditions of illumination were 
kept constant by the use of electric light rather than daylight 

The material included all possible combinations of three con- 
sonants, subject to certain restrictions, besides the vowels, the let- 
ters Y and V weie also omitted, the former because it is sometimes 
used as a vowel and the latter because it resembles the old English 
U and might therefore be given a vowel sound. This leaves 19 
consonants with which to work. The same letter was never used 
twice in one syllable nor were two letters which occur next to each 
other in the alphabet Theie were 4534 consonant syllables in the 
final list The lists for the experiment were ariangcd so that the 
same letter was not repeated twice m three succeeding syllables nor 
given the same position in four 

Each syllable was exposed for four seconds 3 Tins long interval 

3 Gla<ie allowed a maximum of 3 seconds, but if the subject responded 
before that time the next syllable was piesented immediately The move- 
ment of his drum was made by hand, and he says that the “minimum time 
was not less than 2 seconds" 
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was chosen for two reasons. Fiist, in a pielimmary study in winch 
the subjects were not required to respond within a limited time but 
could take as much or as little time for each unit as they wished, the 
average time pei syllable was 4.2 seconds Secondly, in memory 
experiments the list to he learned is presented several times so 
that associations might occur on a later repetition, and hence it 
seemed advisable to use a foui -second interval The mateual was 
divided among six sittings, each of which lasted about an hour and 
included two rest periods. These six sections of the material were 
counterbalanced, as were smaller divisions within the hour periods 
Two experimental periods never occurred on the same day, and more 
than one day sometimes intervened 

Subjects were instructed to watch the aperture and to spell the 
syllable aloud letter by letter as soon as it appeared, because it was 
suspected (and later pioved by results) that the sound of the let- 
ters might suggest associations which would not occur simply from 
their appearance. 4 They were then to state in a word or phiasc 
what the letters meant to them, if anything. If the syllable seemed 
familiar, but its meaning could not be stated quickly enough or 
could not be recalled, it was permissible to say, "Yes.” If the syl- 
lable had no meaning, no lesponse was necessary. Subjects were 
told that the expeument was in no sense a test of their abilities, and 
that it was not necessary to force an association for each letter group 
In spite of this caution, several subjects admittedly "made a game” 
of finding some response for every Ltcm, no matter how distant the 
association The writer acted as experimenter and wiote down the 
responses exactly as they were given. A preliminary trial was given 
in which each subject was shown a list of fifteen common three- 
letter abbreviations, words, and meaningful groups, none of winch 
were to be found in the experimental material 

The subjects were 24 men, of whom 15 were undergraduates of 
Yale College or the Sheffield Scientific School and had never par- 
ticipated in memory experiments Of the lemaming nine, two were 
instructors and the others graduate students in the Depaitment of 
Psychology of Yale Univcisity 13 y using more subjects than Glaze 
(15) it was hoped to secuie more reliable differences between degrees 

‘Glaze spelled the syllables aloud for his subjects The above change 
vyas made because It more nearly approximates the learning situation 
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of meaningfulness of the data All subjects were given the Higher 
Foini of the Otis Self-Admimsteiing Intelligence Test and the 
Binct-Simon vocabulary test The intelligence scores fell in the 
upper 25 per cent of college norms with extreme crowding at the 
uppei limit of the scale. Vocabulary scoies ranged fiom 13,000 to 
18,000 words with the aveiage at 16,000. The ages of the sub- 
jects weie distributed faiily normally from 17 to 29 ycais 

Results 

The first step in treatment of the data involves classification of the 
syllables accoiding to the number of lesponses given to each, thus 
making 25 lists of syllables i.ingmg from zero to 24 responses, or, 
using Glaze’s terminology, from 0 per cent to 100 per cent asso- 
ciation values. The 24 subjects gave a total of 47,102 responses 
Only 11 of the syllables had no meaning for any individual and ten 
weie meaningful foi everyone Between these extremes arc found 
all degrees of association value in a distribution definitely skewed in 
a positive direction The average number of responses per syllabic is 
10 39 and the sigma of the distribution is 3 77. The mean for 
Glaze’s syllables is 7 48 responses and the sigma 4.53. In other 
words, an hypothetical aveiage nonsense syllable has an association 
value of 50 per cent whereas the consonant syllable has an average 



ASSOCIATION value: 

FIGURE 1 

Consonant Syi cables Compared with Nonsense Syllabi es tor 
MCANINGFOI NTSS 

The curve for nonsense syllables was drawn from data presented by Glaze 
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association value of 43 per cent. Since the latter aie more than 
twice as numerous as the former, only those of 50 per cent meaning- 
fulness or less may be used and a conveniently laige number still 
remain (3138), Such treatment cuts the mean association value to 
29 per cent. Figure 1 shows the distribution of Glaze's nonsense 
syllables and consonant syllables with lespcct to mcanmgfulncss. 

A more minute division of the responses may be made by classify- 
ing them in terms of their association with one, two, or three letters 
of the syllable, since meaning gives unity and therefore ease of learn- 
ing to the group. Responses which w r eie associated with the only one 
letter of the syllabic were ignoied in both this and the above classi- 
fications Those remaining were divided according to two- or three- 
letter associations. For example, DSK (desk) is a three-letter 
response whereas XPS (postscript) and KFN (fan) are two-letter 
associations. Glaze does not mention this pioblem of partial asso- 
ciations specifically, and if they do not occur with nonsense syllables 
this may indicate a fundamental difference between the two materials. 
He does, however, describe one subject who “seemed to pronounce 
any word that came to mind, which, by the greatest stretch of the 
imagination, could be only remotely associated with the syllable 
in many instances " In the case of the nonsense syllable the com- 
bination of a vowel and consonants gives it the form of a word even 
though meaningless, but three consonants do not occur often as a 
unit, especially in the English language, and are therefore more likely 
to be broken up into two-letter gioups Fifty-nine per cent or over 
half of the total number of responses weie associated with only two 
letters. Such classification is of necessity a subjective one, for the 
experimenter cannot always be sure of what the subject had in mind 
when a word was given In general, all correct, phonetic, and re- 
versed spellings with the three letters are included in three-letter 
responses, and that group is the preferred classification in doubtful 
cases 

The two-letter responses are of two kinds, abbreviations, and 
words formed by combining two of the consonants with other let- 
ters The first class contains MSJ (manuscript, MS) and KMD 
(doctor, MD), while the second is composed largely of monosyl- 
lables like ZND (Ned) and QDL (dell), 

Figure 2 presents the comparative distribution of these two kinds 
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FIGURE. 2 

Distribution or Threp-Lptter and Two-LrrrBR Resfonsfs tor Syi ladles 
of Each Association Vaiue Above Ziro 

of responses It is interesting to note that the means of the two- 
Iettci and three-letter responses are quite distinct (8 99 and 13.50 
responses lespcctively). Apparently those syllables which are high 
in association value leceived very few two-letter responses, hut when 
the subjects could find no three-letter responses they fell hack on 
partial associations The distubution for three-letter responses ap- 
proaches the noimal curve .with slight negative skewness, and the 
two-letter curve is more noticeably skewed in a positive dncction. 

A tabulation based on a random sample of 776 syllables showed 
that 27 per cent (from all degiees of association value) received 

TABLE 1 

Types op Associations and Their Distribution* 


Pei cent 


t Words formed by adding letters 43 7 

2 Two-letter associations 31,6 

3. Pronuncmtion (phonetic spelling) 12 2 

4 Personal references (including famous people aB well os family 

and friends) 5 6 

5, Geometric form 2 9 

6 Initials, symbols, abbreviations 2.9 

7 Sound of letters 0 7 

8 Foreign words 0,5 


Total 100 1 

•The author has no data on the total mass of material for these quali- 
tative distinctions, but a preliminary study with coarser techniques yielded 
the above results for five subjects and 2408 syllables The figures are 
representative of the total if not exact 
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“Yes” responses, however, only 3 per cent received more than one 
such response and no syllable was given more than three. These 
replies were excluded in detci mining the meanmgfulness of the 
syllables 

There are several classes of responses which are qualitatively dif- 
ferent. A very large percentage of the meaningful syllables are 
those which form woids when letters are added — WHP, DNT, 
FRM (whip, don’t, fiom) Another group, few in number but 
high in association value, is composed of initials of famous people, 
abbreviations, and symbols — GBS (G B. Shaw), RPM (revolu- 
tions per minute), and CMT (Citizen’s Military Training Corps). 
Some subjects are inclined to substitute letters of similai geometric 
form, such as O for Q, C, and G, and E for F — LQT (lot) and 
BFN (Ben). The style of printing used was extremely simple 
and consequently the differentiation of these letters by “cuilicues” 
and other conifrion decorative lines was lacking. There are a few 
syllables which sound familiar when spelled letter by letter — LCT 
(Elsie) and KCT (Casey). Another large gioup of responses are 
prompted by phonetic spelling — QWD (quid), FCS (fix), and 
PHR (for). Most subjects gave a small percentage of personal 
initials, but these were not included in the computation of associa- 
tion values because they have no general significance Undoubtedly 
this is one source of error in the mateiial. There are also a few 
responses gained by reversing letters — HTM (them) and TLB 
(table). 

Differences between the number of associations found by individual 
subjects are very maiked Some responded only to those which 
were obviously meaningful, and others attempted to find some asso- 
ciation, no matter how far-fctchcd, for every gioup of letters. It 
is in this latter group that most of the two-letter responses are 
found, as well as those concerned with only one letter, which, as has 
already been stated, were not included in the scoring. Two sub- 
jects gave no partial responses whatever, and when questioned at the 
end of the experiment one said he had consciously excluded all 
associations which did not fit the syllable as a unit; the other stated 
that no such responses occurred to him. There is no correlation be- 
tween the number of responses and the intelligence and vocabulary 
of the subjects. There might have been less variation if the in- 
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structions had explicitly required associations to a part of the syl- 
lable as well as to the entire unit The piactice list included no 
syllables in which only two of the letters were meaningful. Both of 
these methods were rejected because the experimenter did not wish to 
suggest associations or methods of looking for them Finally, such 
individual difteiences do not invalidate the experimental results 
because they remain constant throughout the entire list In all 
probability these forced associations would be infrequent in a memory 
experiment where attention is directed to a different task and the 
subjects are warned to avoid mnemonic aids to learning The 
variations in the results of Hull and Glaze have been attributed 
in part to the modified technique of the foimcr. In the experiment 
here reported, as m that of Glaze, the subjects were looking for 
meaning. Also, experienced subjects soon train themselves to avoid 
associations 

The reliability of the difference between syllables of any two 
association values may be computed bj the formulas for the stand- 
ard error of a proportion and of a difference 

ap = J adi(f “ V^i 2 + ffp 2 2 

^ ft 

The sigma of the proportion (the percentage of association value of 
any group of syllables) is equal to the square root of the percentage 
of responses (/>) times the percentage not responding (<7 ■= 100 — p) } 
divided by the number of cases — 24 possible responses. The re- 
liability of the difference between any desned pair of association 
values may be found in Table 2 in terms of the critical ratio between 
their obtained difference and the sigma of their difference. Any 
ratio over 3.0 is considered significant If it is desired to have two 
lists reliably different they should be chosen so that nine degrees of 
association value intervene or so that they differ by 37.5 per cent 
association value This is the minimum estimate for lists near the 
50 per cent point However, reliability increases as one approaches 
the ends of the scale so that 0 per cent and 29 17 per cent syllables 
arc reliably different, also 75 per cent and 100 per cent. At the 
limits of the distribution it will be nccessaiy to combine several 
groups in order to have a working number of syllables In this case 
the average association values must be determined and their critical 
ratios found in the table 
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Summary 

1. Twenty-four subjects weie asked to give the meaning, if Any, 
of 453+ three-place consonant syllables, which were picscntcd singly 
on a mcmoiy drum foi four seconds each, The association value of 
each syllable was detci mined on the basis of the percentage of re- 
sponses Those which were judged meaningful by all subjects were 
said to have 100 pei cent association value, and those to winch no 
subject responded were grouped at 0 per cent with all the intervening 
possibilities scaled between these limits The mean association value 
is 43 per cent and the sigma 16 per cent. The distribution is posi- 
tively skewed The syllables are listed in Table 3, 

2 Thcie were more associations to two than to tluec of the 
letters, but such responses were more common to the relatively mean- 
ingless items. In other woids, they represent a failure on the part 
of the subject to find meaning in the entire item 

3 A comparison of consonant syllables with nonsense syllables 
as classified by Glaze shows tiiat the two types of material have very 
different distributions His syllables are almost evenly divided into 
16 groups of meaningfulness, while consonant syllables more closely 
approach the normal curve 

4 The individual variations in total number of responses were 
found to have no con elation with intelligence oi size of vocabulary, 
as measured by the Otis Self-Ad ministering Intelligence Test and 
the Binct-Simon Vocabulary Test for superior adults, 

5, A difference of 37.5 pei cent association is the maximum re- 
quired for reliably different groups Critical latios between all pairs 
of association values have been computed and presented 

6 The advantages of this material as a supplement to the usual 
nonsense syllables arc 

a 4534 units aic available 

b . The material is less meaningful than nonsense syllables Its 
mean association value is 43 per cent as against 50 per cent for non- 
sense syllables. 

c . There are 3138 consonant syllables with an association value 
of not more than 50 per cent, tins group is still larger than the total 
number of nonsense syllables and the mean association value has now 
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TABLE 3 

Association Vai ue or Consonant Syllables 


0% 

11 

4% 

48 

8% 

84 


13% 

127 



17% 

184 


QJF 

BQJ 

BI-IT 

WBII 

BPJ 

QCZ 

XZK 

BFM 

TOW 

QLB 

XQN 

QJH 

CXJ 

BJH 

WB,T 

BQF 

QDJ 

XZL 

B.TQ 

JSB 

QLN 

XSB 

XFQ 

DJX 

CTQ 

WBQ 

CFJ 

QFX 

ZBF 

BMF 

no. 

QVVB 

XSG 

XJQ 

FHJ 

CJX 

WFC 

CFQ 

QFZ 

ZBG 

BQZ 

TXir 

QXG 

XTD 

X'ZF 

GCJ 

CQH 

XBJ 

CGJ 

QGC 

ZBH 

BWF 

TZF 

QXZ 

XZG 

ZGJ 

GJQ 

CXQ 

XDH 

CGP 

QIIF 

ZBQ 

CJZ 

KBH 

QZIC 

XZM 

ZJF 

GJX 

DHJ 

XFH 

CGQ 

QJS 

ZCQ 

CQZ 

KBP 

RBM 

ZDJ 

ZJQ 

GQC 

DJB 

XFS 

CJH 

QMW 

ZDH 

CSF 

KFX 

RJX 

ZDL 

ZQJ 

GQJ 

DJQ 

XGC 

CQT 

QWT 

ZDW 

CVVH 

KHB 

SBH 

ZFH 

ZXJ 

CQX 

FCJ 

XGQ 

CXK 

QXF 

ZFC 

CXF 

KHF 

SGJ 

ZFM 

ZXQ 

GXIt 

FJH 

XPIF 

D]W 

QXII 

ZFW 

CXII 

KFIQ 

SJH 

ZFX 


GXM 

FJQ 

XIIT 

DJZ 

QXL 

ZHK 

cxz 

KQM 

SXH 

ZGB 


HFC 

FQW 

XI IM 

DXJ 

QZB 

ZHX 

CZJ 

KQVV 

TCZ 

ZGQ 


JFH 

FQH 

XJH 

FIIC 

QZH 

ZICG 

D JH 

KWQ 

TGJ 

ZJB 


ICHX 

FXQ 

XQG 

FPC 

QZT 

ZKII 

DJS 

K.XN 

TJF 

ZJL 


ICQF 

GCQ 

XZD 

FPW 

QZM 

ZLC 

DQH 

ICXR 

TJQ 

ZJN 


XQX 

GJC 

XZT 

FQC 

SBQ 

ZMC 

DWB 

ICZX 

TZW 

ZJW 


KXB 

GQB 

ZCf 

FOT 

SBZ 

ZMX 

FCQ 

LTF 

TZX 

ZICB 


MIIZ 

GXC 

zcx 

GCX 

SJF 

ZQC 

FJC 

LJX 

WBN 

ZICX 


MZJ 

GXQ 

ZFK 

GCZ 

SZJ 

ZQG 

FfS 

MBI-I 

WCJ 

ZLJ 


QGJ 

HB( 

ZGW 

GKX 

TFJ 

ZQH 

FfW 

MBW 

WCZ 

ZLQ 


QHJ 

HFIC 

ZHW 

GQIC 

TFQ 

ZOS 

FPT 

MBX 

WGP 

ZMF 


QXB 

HJC 

zyc 

GXJ 

TJW 

ZTF 

FQK 

MGQ 

WJII 

ZMJ 


QXJ 

JFQ 

ZTT 

HCj 

TZF 

ZTT 

FWJ 

MHF 

WQB 

ZMW 


QXN 

JQF 

ZJX 

HJX 

TZQ 

ZTX 

FWQ 

MQB 

WZC 

ZNW 


XBQ 

TXF 

ZQX 

HKM 

WBF 

ZWJ 

GKQ 

MWF 

XBD 

ZPB 


XFJ 

JXQ 

ZS| 

HXF 

WCF 

ZXG 

GKZ 

MWZ 

XBH 

ZQL 


XfB 

KFQ 

ZSQ 

JCF 

WCQ 


GXZ 

MZQ 

XBM 

ZRJ 


XJF 

KQB 

ZTK 

JFC 

YVQI1 


GZB 

MCF 

XBZ 

ZSF 


XICH 

KQH 

ZWQ 

TFN 

VVZQ 


GZK 

NFB 

XCZ 

ZTW 


XMT 

KQZ 

zxc 

JQZ 

XBF 


GZQ 

NPB 

XDF 

zwc 


XQF 

KXC 

ZXH 

JXB 

XBN 


HBM 

NQF 

XDL 

ZWF 


XQH 

KXD 

ZXK 

JZH 

XCT 


IICZ 

NQS 

XFC 

ZXD 


XQT 

KXH 

ZXR 

KBF 

XDT 


I-IFJ 

NQX 

XFM 

ZXL 


XQL 

MHJ 


KFZ 

XFIC 


FIFM 

NZIO 

XGJ 



XTT 

MHW 


KMF 

XFP 


HTF 

PJF 

XHC 



XZQ 

MTF 


KXQ 

XFZ 


HWC 

PJZ 

XHQ 



ZBJ 

MWB 


KXZ 

XGK 


HXB 

PXB 

XJL 



ZFJ 

MZB 


KZF 

XGP 


IIXJ 

PXI-I 

XJP 



ZFQ 

QCF 


KZG 

XGZ 


HXQ 

PZW 

XJS 



ZGX 

ODX 


ICZH 

xtc 


HZW 

OCT 

XJZ 



ZHJ 

QFC 


KZS 

XKB 


JBP 

QCM 

XKF 



ZJH 

QFH 


LCF 

XKQ 


JDF 

QFJ 

XICG 



ZQB 

QGW 


LHT 

XNZ 


JDH 

QFK 

XKR 



ZQF 

QGX 


MCF 

XMZ 


TDW 

QFS 

XKZ 



ZQW 

QIIN 


MFH 

XQB 


JFM 

QIIX 

XLT 



ZXB 

QJC 


MHB 

XQD 


JIIC 

0TB 

XLZ 



ZXF 

QL] 


MQT 

XSZ 


JIIF 

QTM 

XNJ 




QSJ 


MWJ 

XTG 


JHW 

OfW 

XNQ 




TZH 


QBJ 

xzc 


JQH 

QJX 

XQM 
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21 % 

241 


TABLE 3 {Continued) 



BFJ HBF MBQ RWH XRH BFP I«XIC JCZ NDJ RJL XKD 

BFQ HBX MCJ RWJ XRJ BTX FXZ JOT NFC RJP XL C 

BF2 HJL MFB RXF XSJ BGQ FZB JI'W NFJ RMF XLG 

BJS HJQ MFP RZJ XTF BJG FZH JGQ NI-L RK4J XLIi 

BQD HJW Mrx sr-f XZB BJW FZM J1IB NFX RVVF XLR 

BQH PIKB MJW SFM XZII BIX FZW JQX NKR SBG XMB 

BTP HVVB MWQ SJZ XZN BMJ GBQ JSW NLX SOX XMF 

BWJ HVVF MZC SZK XZS BPX GCM JTB NQG SD1I XMH 

BWQ I1WQ NFQ TCF ZBX BXF GCS J1W NWL SFII XMQ 

BXP IIWZ NLQ TCJ ZCF BXII GDQ fWB NXQ SFP XNP 

BZJ HZC NQJ TFM ZCP BXJ GJZ JWM N2G SGC XQS 

BZQ HZF NQIC TFW ZCVV BXZ GJS JWP NZR SGVV XSF 

CFF HZQ NKQ TrZ ZDF BZP GKB JWQ PBF SGZ XTQ 

CFX JBW NZX TJB ZDG HZW GKO JZN PJH SHJ XZP 

CJF JCM PBJ TJII ZFB 13 ZX GKM JZP P MW SJQ XZR 

CIS JCW PCI TIZ ZYN CFZ GKW KCF PWJ SJW XZT 

CJW JFS PJX TLP ZFP CGW GMT KDB PVVZ SZB ZBP 

CSJ JFX PXF TLN ZFS CGZ GMIC ICDH PZF SZH ZBVV 

CXP JFZ PXJ TQF ZGC CJG GNB KDQ PZU SZQ ZCG 

DI3J JGC PXZ TZJ ZGK CKM GNC KFC PZJ FFH ZCS 

DHX IGP PZB WBK ZHC CMJ GPJ KPM PZK TFP ZDB 

DJF JHX QBF WI3M ZIIF CPJ GQZ KFN QBW TFX ZDT 

DJL JLC QBN WOB Z[IL CWF GWB KGX QBX TJL ZDX 

DLZ JQC QDH WFB ZJO CWJ GWQ KHZ QCM TJX 2FL 

DXK JQD QDM WFQ ZJP CWQ GXT KSF QCN TKZ 2GP 

FBJ JQS QFM WGC ZJS CXS GZJ KSX QCS TQJ ZLIB 

FBM JWF QFN WGJ ZKM C7G HCF KSZ QCW TQM ZHQ 

FBX JXL QFVV WJQ ZKN CZQ IICX KTB QDF TZG ZJG 

FCM KBQ QGD WLJ ZKQ CZT JIFP KWF QDG TZIC ZJM 

FHW KBW QGK WPJ ZLG DBX IIFQ KXP QD1C WBP ZKF 

FJP KFI-I QGZ WQC ZLR DFZ IIFZ KZC QDL WBT ZLB 

FPH ICFS Q(ID VVQF ZLW DHL IIJB LDII QDN WDK ZLS 

FPN KHC QHL WQ| ZMQ DIIW JIJN LFJ QGL WFH ZLX 

FQS KMH QHW WQL ZPF DKQ HJS LJC QUC WJF ZMK 

FQZ KMQ QJZ WS1* ZQD DLF HJT LJD QJG WJL ZNB 

FS[ KQC QKB WSZ ZQK DLX IIKQ LQT QJN WJM ZNQ 

FXB KXF QKII WZG ZSB DQL HKW LRP QKZ WQZ ZPG 

FZ1 XZB QXX WZ1I 2SG DZP 11X7. LXJ QLU WTK ZPX 

fzk kzq qlx xbk ztd fiik n mc lzj qmf wzm zwb 

FZP LCP QMK XCF ZTQ FIIQ IINQ M1W QMJ WZP ZXM 

FZQ LCZ QWG XCG ZXS FITX IIXL MFJ QMX XBP ZXP 

GJW LJB QXM XDZ PJM IIXZ MKR QSF XCQ ZXT 

GKN LJFI QXS XIIZ TTZ HZB MQD QSL XCS 

GQN LJQ QZF XTM FKF JBG MQF QSW XDB 

GQW LJS QZW XMC FKQ JBII MQZ QSX XDM 

GSQ LJW QZX XMG FICZ JBN MWC QWP XFB 

GSZ LNP RCJ XNB FNX JBQ MZF QZL XHK 

GWZ LSF RJW XNF FPB JBX MZW RGW XIIN 

GZN LZQ RKl-I XQC FPX JCN NCQ RHK XTG 

GZW MBf RLJ XQIC IXJ fCQ NOW RJF XJT 
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TABLE 3 (Continued) 

29% 

339 


33 % 


384- 


BDF FDK HXK KZD NAT, RZX XJD BDH DICII HFB KCG 

BHW F[B IIXN ICZM NXR SBM XJN BFH DLB HFW ICCX 

BIIX FICB HXR KZN PBZ SBP XKM 13 FN DMX H[D ICDT 

BHZ FICC HZK ICZW PFH SDB XICN BFW dqi H[M KDW 

btf fkh jfp lbj pfj sgb xln bgp dqs HJP ICFP 

btf ficm jhl lbw pfz sgq xlq bhf dqw hkf kgp 

BMW FICW JHQ LCJ PGW SJB XP[ BJM DSW HKR KGQ 

bpn fkx TLH ldb pjc sjg xqz bmg dwj hlc ichd 

BPW FMH JLQ LDF PIL SZC XTL BMII DXB HLJ ICIIM 

BPZ FMJ JLX LFP PJW SZF XTN BMX DXF I-ILQ ICMT 

BWP FMQ JLZ LGP PSX SZG ZCM BMZ DXH HMJ ICMW 

BXK. FMX JMC LIIB PXC SZM ZCN BPF DXL IISZ KMX 

BXM FMZ JMF LIIN PZC SZX ZDP BQL DZJ ITWN KMZ 

BZF FPM JMH LHX PZX TDH ZDQ BWZ DZQ IIXP ICRH 

CFTI FPZ JNF LJG QBM TTC ZGS BZG FBQ HZI ICSN 

CFM FQD JPF LRU QBZ TJC ZHM BZH FCII HZP ICSQ 

CG1C FQM JQB LSJ QCG TICF ZKC CFL FCW HZT ICTM 

CKII FSQ JQN LWG QDB TLJ ZKD CFS FDQ HZX KTW 

CICN FWB JSF LWII QFD TQB ZKS CFW FHZ JBF KWC 

CKQ FWP JSG LXP QGB TQZ ZLH CGX FJX JBT KWG 

CNQ FXH JSQ LZC QGT TWB ZMG CJM FICS JBZ ICXM 

CPX FXM JTF LZH QHB TZB ZMH CJN FMK JCG ICZP 

CQF GBJ JTH MBT QHK WBG ZNF CICF FMW JCH LBF 

CQW GCIC JWC MBZ QjL WCM ZPC CMII FNQ JCR LBZ 

CSZ GCN JWH MCG QKF WCP ZPJ CMZ FQL JDL LCS 

CTJ GCW JXD MCQ QKM WCS ZPW CNP FQN TFB LDJ 

CWZ GJB JXG MCW QLG WDQ ZQM CPF FSZ JFD LDP 

CXG GJL TXR MFC QLW WFM ZQN CPG FWC JGB LDX 

CXM GPN JXZ MFW QMB WFZ ZRF CPM FWH JGT LHC 

CZF GPW JZC MGJ QMG WGB ZSW CPZ FWZ JGW LHD 

CZH GQL JZQ MHC QMH WGQ ZTB CQN FXP JLB LHF 

CZL GQS JZS MJZ QNF WHB ZTC CQX FZC JLF LHW 

CZX GSJ TZVV MKF QNW WHJ ZTG CSQ GBM JWM LJP 

DFJ GSM tCBX MZP QSB WJC ZTL CSW GDW JNB LJT 

DJG GSW ICCM MZX QZG WJG ZTM CSX GICP JNW LJZ 

DJM GXB ICCQ NCP RGJ WJP ZWH CXL GICR I PC LNF 

DLH GZC KDF NDB RHF WLQ ZWP CXR GICT JQG LPB 

DLJ HBN ICFW NDW RHJ WQG ZWS CZP GMX JQL LPF 

DLQ HCQ KGC NFP RJB WSG ZXN CZVV GNP JQM LRB 

DQF HFS KMC NKB RJM WSJ DBF GNQ JRL LRJ 

DQIC HJZ KPW NKF RLB WZB DBG GNX JR? LSZ 

DXG HICP KQD NKZ RLW WZL DBQ GPZ JSC LXB 

DXP HKX KQN NLC RMC WZN DBW GQM JTL LXH 

DZH HNF KQS NLP RWC WZS DFQ GTD JWZ LZX 

FBII HNP KSB NPC RWZ XCM DFW GWC JXN MBD 

FBP HNX KTQ NQIJ RXB XCP DFX GXN JZM MBG 

FEZ HQX KWB NQW RXC XDP DIIIC HBP JZT MBK 

FCIC IITJ 1CWZ NQZ RXT XDQ DHQ IIBZ JZX MFQ 

FCZ HWJ KXG NXF RXZ XGD DIIZ IICVV ICBG MFZ 

FDB HXC KXS NXJ RZC XHB DJN FIDM KBM MGB 
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33% 

con 


TABLE 3 (Conuim<d) 


38% 


391 


MJB PXL S QZ WTP BDJ DWL HMF KBS MGVV QBIC TGW 

MJH PZT SXZ WZIt BDK DXQ IIMW KCW MHX QCX THL 

MJT QDW SZP WZT BGZ DZB HNB KCZ MfQ QDS TJM 

MJX QDZ SZW XBL BHL FBT HNJ KDZ MPB QFL TKH 

MQC QFB TDF XCK BHQ FB\V HNW KGB MPF QGM TNF 

MQG QGN TDJ XCN BJD FCP IIQL KI1P MWII QKD TNL 

MQH QGS TDQ XDN BNP FDII I1QZ KHR MXJ QSD TQC 

MQIC QJD TFB XDS BNW FDP IISF KIIS MXZ QSN TQD 

MQW QKC TFK XGB BPM FDX HSN KI1W MZG QTX TQK 

MQX QLC TGB XGL BQG FIlD HTB KNZ MZK QWD TQL 

MWP QIF TGr XI ID BQN F1IM I1WF KQG NBH QWZ TWF 

MXB QLZ T'GZ XLP BQW FHP IIWR KPB NBP QXIC TWJ 
NCII QMZ TTD XNL BbF FJT HXD KQT NDT QZD TVVZ 

NDP QNL TJG XPB BSJ FMC HXT KRZ NGB RBF TZM 

NDQ QSG TJP XPII BSX FNP IIZN KSIV NGJ RBJ TZP 

NDT QSM TICD XRL BTQ FPR JBL RTF NICW RBX WCG 

NFK QWS TLII XRP BWII FSB JCL KTP NLB RCVV WDM 

NFS QXC TLQ XSD BZK FSP JCP KTX NPJ RFII WDP 

NGK QXD TLZ XTZ BZS FS\V JCS KWR NPW RPK WFK 

NJH QZC TMF ZBK CFK FWM JCX KXT NPZ RGP WFP 

NJW RBH TNB ZDM CGM GBP JDQ ICZT NRZ RGX WJB 

NKC RBW TNW ZBT CIIJ GJD JGX LBP NSF RGZ WJT 

NLF RBZ TQII ZHD CJT GJM JGZ LBQ NSQ RHW WLB 

NLJ RCG TQW ZKF CKZ GKC JIID LIST NWC RLP WLG 

NLll RCZ TWH ZKT CMQ GK.S JIIM L15X NWQ RTF WLR 

NPF RHC TXJ ZMB CNX GMZ JHP LFB NWZ RWB WLZ 

NQB RFIX TZC ZNL CP\V GPX JIIZ LFC NXD RXH WM B 

NQC RIIZ TZD ZRP CQL GQD JMG LGB NXG RXL WMC 

NQD RTC TZL ZRW CQG GSN JMX LGW NXS RXN WNL 

NQL RICB WBD ZRX CQK GSX JNL LGZ NZT RZM WPF 

NRB RLC WBS ZSD CQS GTK JNQ LHP PBS SBF WPH 

NRF RMW WCL ZSL CRJ GTM JNZ LHZ PFW SCZ WRB 

NRL RPB WCN ZWG CSM GTW JPH LNW FFX SDQ WRF 

NRX RPJ WFJ ZWK CZM GWJ JPM LQB PHF SFC WSM 

NSX RPW WFN CZS GWP JPW LQG PJD SFL WZF 

NTP RXj WGZ DBP GXD JPX LQH PJM SFQ WZR 

NWB RXK WIIC DBZ GXR JRF LQZ PJP SIIZ XBG 

NWD RZF WJD DFH GXS JSD LSG PMG SMB XBT 

NXZ RZII WJS DFS GZP JSX LSW PMZ SNJ XDG 

NZB RZL WICF DHB HBK JTM LTB PNX SWQ XDK 

NZJ SBJ WKII DHF HCS J IT LWB PWB SXB XFL 

NZP SBK WLC DJP 1IDJ JTX LWC PWG SXG XFN 

NZQ SBW WNB DLN HDP JWD LWJ PWM SXTC XFR 

PBW SDZ WNT DPG HFL JWR LXF PXT SXL XGS 

PCZ SGP WNQ DPK HFN JXC LXQ PZG SXQ XHR 

PGB SHB WPZ DPX HftC JXM LZG PZM SZL XHL 

P[B SJM WQK DSF HLB JZB LZS PZR TCX XHS 

PMF SIX WQS DSQ II LF JZG MCZ PZS TDK XKC 

PNB SKQ WSQ DSZ JILW KBD MFK QBG TGL XKS 

PWH SMF WTJ DTJ HLX KBN MGP QBH TGM XKT 
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TABLE 3 (Continued) 


E3 



54% 

270 




58% 

242 


ZCH 

BDW 

DTZ 

JGM 

MTP 

RDX 

WTG 

BDM 

FXD 

LWD 

PHR 

ZHT 

BHR 

DZG 

JLG 

MTX 

RDZ 

XBR 

BFD 

FXR 

LXD 

PICB 

ZLT 

BHS 

DZS 

JLR 

MWR 

RHM 

XCR 

BFL 

GCL 

LXN 

PKZ 

ZNH 

BLJ 

FBIC 

JLS 

MXC 

RKF 

XGR 

BGM 

GDB 

LZT 

PNH 

ZRG 

BPR 

FBL 

JMT 

MXP 

RNH 

XHT 

BHM 

GDL 

MDB 

PNL 

ZRM 

BPS 

FDN 

JND 

MZH 

RNL 

XLD 

BUT 

GMD 

MDF 

PSN 

ZRN 

BRJ 

FKR 

JRB 

MZS 

RNX 

XPN 

BKF 

GQT 

MDK 

PRH 


BSW 

FLQ 

IRC 

NBQ 

RPG 

XRK 

BKH 

GSL 

MFT 

PSD 


BTK 

FMD 

JRX 

NBW 

RWN 

XSP 

BLF 

GZS 

MGS 

PSF 


BTM 

FMT 

JSM 

NBZ 

RXD 

ZIIN 

BLZ 

HDB 

MGT 

PSG 


BTZ 

FNB 

JTC 

NDR 

SCG 

ZIIS 

BNH 

HFD 

MI IQ 

PSN 


BWS 

FNR 

JWS 

NGL 

SDM 

ZJR 

BPL 

HLN 

MIC 

PTD 


BWT 

FQT 

JXS 

NIID 

SGL 

ZMP 

BQT 

HPC 

MKG 

PTJ 


BXG 

FRX 

KBT 

NIIJ 

SFIC 

ZMR 

BQX 

HPD 

MKX 

PTK 


BXS 

FTL 

KHN 

NJC 

SICX 

ZMT 

BSM 

HPT 

MPC 

PTX 


BZT 

FTM 

KNC 

NJG 

SLX 

ZPD 

BTN 

HPT 

MPG 

PWD 


CJR 

FTP 

ICPC 

NLS 

SMH 

ZPR 

BWIC 

HQM 

MPH 

PWS 


CKG 

FTQ 

KRM 

NPG 

SNII 

ZPS 

BVVN 

HRP 

MQS 

PXS 


CKR 

FVVR 

KSD 

NPH 

SPF 

ZPT 

BXR 

I-IRX 

MRC 

PZD 


CMK 

FXL 

KSM 

NRC 

SZN 

ZRT 

CGN 

HSX 

MSF 

QLD 


CNII 

FXN 

KWP 

NSB 

TBF 


CHG 

HTM 

MSG 

QMD 


CNW 

FXS 

LBG 

NSG 

TBIC 


CHX 

HTQ 

MSZ 

QTC 


CPL 

GBL 

LCQ 

NST 

TBW 


CI-IZ 

HTZ 

MWT QTL 


CQT 

GBT 

LCX 

NSP 

TDW 


CLII 

TGD 

MXG 

QTN 


CRF 

GCP 

LDW 

NTD 

TDX 


CNK 

JPT 

MZR 

QWL 


CRZ 

GDK 

LFW 

NTZ 

TGD 


CNL 

IRM 

NBF 

QWN 


CTP 

GDT 

LFZ 

NXC 

TJR 


DGL 

JRT 

NCT 

RCN 


CTZ 

GMT 

LNH 

NXP 

TKX 


DKN 

JRW 

NFR 

RDB 


CXN 

GNZ 

LPG 

NZH 

TMG 


DLR 

JSH 

NGC 

RDF 


DGQ 

GPS 

LPT 

PBM 

TMR 


DMT JTG 

NGP 

RDL 


DHN 

GRJ 

LPZ 

PDJ 

TNX 


DNP 

JWT 

NGS 

RFM 


DIIP 

GRX 

LQS 

PDM 

TNZ 


DNR 

KCH 

NHC 

RFX 


DJT 

GWL 

LQT 

PDX 

TPM 


DNW 

ICCN 

NHK 

RFZ 


DKR 

GZD 

LRW 

PFR 

TWQ 


DSL 

ICCT 

NJZ 

RHD 


DKZ 

HCN 

LSN 

PFS 

TXL 


DSM 

KNI*I 

NKG 

RHN 


DLP 

HDQ 

LTG 

PGC 

TXQ 


DWFI 

KNW 

NPD 

RLT 


DLS 

HLZ 

LTP 

PJG 

WBR 


DXN 

KNX 

NQT 

RLZ 


DMIC 

LIPL 

LXR 

PKM 

WHK 


DZT 

KRB 

NRD 

RMG 


DMZ 

HQB 

LXZ 

PLR 

WJR 


FBS 

KRD 

NRT 

RPC 


DNB 

HQF 

LZN 

PMJ 

WKT 


FCL 

ICRN 

NTJ 

RTM 


DNJ 

HMD 

MFD 

PSZ 

WLP 


FDJ 

ICRX 

NTIC 

RTX 


dqg 

HMQ 

MGC 

PTF 

WNII 

FLH 

ICTN 

NTX 

RWT 


DQN 

HMR 

MGK 

PWL 

WNZ 


FMP 

KWH 

: NWR 

RZD 


dqt 

HNZ 

MIG 

QCT 

WPL 


FNH 

LBS 

PCG 

SBL 


DSG 

HSL 

MIS 

QFT 

WPN 


FPT 

LCR 

PCL 

SCL 


DSN 

HTP 

MPK 

QHT 

WQN 


FRJ 

LGC 

PCS 

SDL 


DTB 

HTR 

MRB 

QKS 

WRC 


FRW 

LNB 

PCW 

SGM 


DTM 

HTW 

MSW 

QNK 

WRII 


FTC 

LNC 

PDN 

SUL 


DTP 

IITX 

MTB 

RBG 

WRZ 


FTR 

LPM 

PDS 

SKG 


DTX 

HWS 

MTK 

RDN 

WSD 


FWD 

LQC 

PHC 

SLF 
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TABLE 5 (Continued) 


ss% 

con 


63% 

195 



67% 

NO 



71% 

HI 


SLN 

BFR 

GCT 

Ml Q 

SKZ 

BGS 

KTZ 

RICC 

BDL 

JMB 

RTH 

SLQ 

BGD 

GDN 

NBK 

SMQ 

BKW 

LBN 

RLF 

BGN 

JNR 

RWD 

SNC 

BGL 

GDR 

NCR 

SMW 

BUI 

Lcr 

RPL 

BRF 

JRD 

SCK 

SQH 

BGT 

GMR 

NDS 

SPJ 

BLX 

LDS 

RTG 

BRL 

JWL 

SCM 

SQX 

BLG 

GWR 

NUB 

SPM 

BMS 

LGN 

RTL 

BRX 

ICGR 

SCN 

SWB 

BLQ 

GZL 

N1IF 

SPW 

BNT 

LGR 

scr 

BRZ 

KGS 

SLC 

TBP 

BLR 

IIMT 

NHO 

SPZ 

BRH 

LPR 

SCP 

BSN 

ICMP 

SMX 

TBQ 

BLS 

iipm 

NHX 

SQD 

BZD 

LSM 

sew 

BTR 

KNF 

SPG 

TCL 

BMD 

HPN 

NKD 

SQM 

cft 

LTX 

SUM 

BZN 

1CNT 

SQW 

THC 

BNQ 

HPR 

NLT 

SWD 

CUP 

LWlS 

SLB 

CGS 

KPT 

SWF 

THZ 

BNX 

I1RW 

NPIC 

SWH 

CHW 

LZD 

SMC 

CUM 

KSP 

SWL 

TKC 

BNZ 

I1RZ 

NTF 

TBN 

CLN 

MCIC 

SMP 

CMT 

LDG 

SWZ 

TLR 

BPD 

HSM 

NTG 

TBZ 

CRH 

MDH 

SNL 

CPF 

LDN 

TBG 

TMB 

BRP 

IISP 

NWH TCN 

CSII 

MDX 

SPC 

CRT 

LCD 

TBL 

TPK 

BSL 

fBS 

PDG 

TFN 

CSK 

MKT 

SPH 

CRX 

LPD 

TBR 

TPN 

BSQ 

TDR 

PDT 

TFR 

Cl N 

MPR 

SPX 

CWN 

LWR 

TDI, 

TPW 

BWD 

JFR 

PFD 

THQ 

DBR 

MPZ 

TFL 

DGR 

LZR 

THF 

TRF 

BZR 

JLP 

prr 

TKG 

DFR 

MSB 

TLP 

DMB 

MCR 

TUP 

TWD 

CGR 

JMS 

PGD 

TMK 

DGN 

MSP 

TND 

DPII 

MDR 

TNR 

twk 

CKS 

JNP 

PGK 

TNC 

DIIR 

MSX 

TNG 

DPL 

MDW TPD 

TWP 

CHK 

TPD 

PGL 

TNH 

DIIT 

MIG 

TNP 

DRJ 

MRG 

TPH 

TXB 

CHT 

1TD 

PGR 

TNQ 

DMR 

MTZ 

TPF 

DRZ 

MSD 

TPL 

TXR 

CKT 

KDN 

PHM 

TPG 

DMS 

MWS 

TPZ 

DSP 

MTC 

TRJ 

WCT 

CLG 

KFR 

P1IW 

TRC 

DNS 

MXD 

TWL 

DTN 

MTD 

TRL 

WDG 

CLT 

KNB 

PKN 

TRC 

DPW 

MXR 

TWll 

FDR 

MTJ 

TRW 

WFL 

CLQ 

1CNP 

PKX 

TRZ 

DRI1 

NFT 

TXN 

FNIC 

NCL 

WCII 

WICR 

CLX 

KRG 

PMB 

TXC 

DWF 

NPS 

WDR 

FNL 

NDG 

WFR 

WMG 

CMR 

KRT 

PMR 

WCK 

DWR 

PBL 

WHS 

FRC 

NIIR 

WGS 

WMH CMS 

KTH 

PSL 

WGL 

DWS 

PDK 

WKG 

FRK 

niit 

WIIF 

WMP 

CNG 

KWN 

PTB 

WGR 

FLZ 

PGM 

WLS 

FRL 

NHW 

WIIL 

WPG 

CNT 

KWT 

PTN 

WGT 

FMS 

PGM 

WPD 

FTB 

NIIZ 

WIIM 

WPR 

CPR 

LDQ 

PXD 

WTZ 

FTD 

PGS 

WRL 

FTW 

NSC 

WHR 

WTM 

CTH 

LFD 

QMT 

WKM FTN 

PIIN 

WSIC 

GLB 

NTL 

WIIZ 

WTN 

CTM 

LNZ 

QNS 

WMR 

FTX 

PHZ 

WTR 

GLZ 

NTR 

WKN 

XNT 

CZN 

LPC 

QTB 

WNR 

FT Z 

PJR 

XMP 

GMS 

NWT 

wpt 

XPS 

DGM 

LRT 

qth 

WPS 

GLT 

FKF 

XPD 

GNIC 

NXT 

WRT 

XPT 

DGX 

LTF 

RBD 

wsc 

GWC 

PICT 

XRP 

GPR 

pen 

XCT 

XRD 

DNH 

LTN 

RBL 

WTZ 

GND 

PKW 

ZNG 

GRC 

PDI, 

XLT 

XTH 

DPN 

LTW 

RCT 

WZD 

GNK 

PLD 

ZNS 

GRZ 

PDW 

XPR 

ZMD 

DRX 

LTZ 

RDG 

XMD 

GPT 

PLII 

ZPL 

GWIC 

PFL 

ZNIC 

ZNT 

DWG 

LXT 

RDH 

XMR 

GSD 

PMT 


11DS 

P1CC 

ZRK 

ZTR 

DWT 

MCX 

RDT 

XPL 

HDR 

PNC 


HI*T 

PRB 



FBR 

MDP 

RICT 

XSK 

use 

PRW 


IILS 

PRL 



FKD 

MDT 

RICW 

ZOP 

irio 

PTC 


HQS 

PRN 



FLB 

MHS 

RLD 

ZTII 

TNS 

PTZ 


uric 

PSW 



FLC 

MKD 

RLX 


JPN 

PWN 


iirl 

QSH 



FNC 

MPD 

RTC 


JRZ 

QCK 


IJRM 

QTZ 



FSL 

MRF 

sex 


JSP 

QTD 


IIWL 

QWT 



FSN 

MRH 

SHD 


KDS 

RGN 


mvi' 

■ RFL 



FWT 

MRP 

SKII 


KPS 

RGT 


JGL 

RFT 
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TABLE 3 (Continued) 



75% 

109 


79% 

101 

83% 

84 

88% 

18 

92% 

43 

96% 

13 

100% 

10 

BICG 

LTH WFT BDG 

MPS ZBR BGR PHB 

BLT 

BICD 

BLD 

mrF 

BKN 

LTR WGN BDR 

MRT 

BICR PHL 

BRG 

BNIC 

END 

DPT 

BKS 

LWT WKD BDS 

MRX 

BLW PHS 

BRT 

BRN 

BRD 

drk 

BMP 

MDG WKS BLN 

MTR 

BMT PLN 

BTL 

CHL 

DSII 

HRD 

BRM 

MDZ WLF BNG 

MXT 

brk plw 

EXT 

DBT 

DWN 

PNK 

BSK 

MPT WMS BNS 

NBR 

BSH PRC 

CHF 

DRT 

FLP 

SLW 

BXD 

MRD WRG BRW NBS 

BTH PRF 

CRN 

DSK 

FRM 

SNK 

CHN 

MRZ WRMBWL 

NGD 

CHR PRK 

CRW FLT 

FSIC 

SNW 

CLR 

NBL WTC BWR NGT 

CLF PRM 

DMP FND 

GLD 

SWM 

CMP 

NCK 

CHS 

NIIP 

CLP PSH 

DRG 

FRD 

GRN 

WHP 

CPS 

NGR 

CRL 

NHS 

CLS QLT 

DRP 

GRD 

I-ILD 


CRG 

NKS 

CRP 

NTH 

CLW RHT 

FDD 

GRL 

LFT 


CSP 

NPT 

CWT PHX 

CRIC RMP 

FLD 

GRT 

TWN 


CTR 

NWS 

CZR 

PKR 

CRM RPD 

FLW 

I FLT 



CVVL 

PKD 

DEL 

PICS 

DFT RPT 

FNT 

IIRT 



DRB 

PLG 

DBS 

PLB 

DGT SCII 

FSH 

IMP 



DRF 

PLZ 

DGS 

PLC 

DPR SHK 

GLW 

KNG 



DRL 

PMD 

DKS 

PMS 

drm skf 

GRB LNG 



DTR 

PNG 

DLT 

PRG 

DRW SKM 

GRP 

LRD 



FLN 

PRX 

DNG 

PRT 

DZN SNZ 

I-IRN 

LTD 



FLS 

PSM 

DNIC PRZ 

FCT SPD 

IIZL 

MBR 



FNS 

PTH 

DPS 

PTR 

FLR SWP 

JCT 

MSH 



FRN 

PWT 

DRN 

PWR 

FLX SXN 

KND MSK 



FRT 

QNT 

DTH 

RBT 

FTII TGR 

LNT 

PK.G 



GDS 

RBN 

FHT 

RFC 

FWN THK 

LWN PND 



GLN 

RCH 

FRZ 

RND 

GLR TLD 

MCI I RFD 



GLP 

RDM 

FWL 

RPM 

GNT TMD 

NSII 

RNG 



GNS 

RGD 

GBR 

SGN 

hmp TXG 

PFID 

RNK 



GNW RGL 

GBS 

SLG 

HMS VVDN PLS 

SHN 



GRM RMD 

GLS 

SMG 

HND WLD 

PLT 

SHP 



GWD RMT 

GMP 

SMK 

HNT WNS 

PNT 

SKN 



HBR 

RTD 

GRK 

SND 

HTL WRD PRD 

SICP 



HCK 

RTN 

GRW SNF 

TLT WRK RCIC 

SLP 



HDN SDN 

GSP 

SPIC 

JNT WSH 

RNT 

ICIC 



HKS 

SIIF 

GTR 

SPL 

JRN 

RTZ 

tiin 



HLP 

SHW 

GWN SOB 

LBR 

SKD 

THR 



HNR 

SKW 

HCL 

SWIC 

LGT 

SLD 

TNIC 



HPS 

SMD 

HDL 

thvv 

MDS 

SNG 

TRK 



HSB 

SNB 

HNK TRB 

MFR 

SNP 

TRP 



HTN 

SQL 

HQT 

TRD 

MGR 

SPN 

WND 



JDG 

TCH 

HRB 

trm 

MJR 

SWG 

WNG 



JHN 

THB 

FISK 

TXD 

MRJ 

SWN 

WNK 


INC 

THM 

IIWIC WDS 

MRK 

TPID 

WRP 



JNX 

THX 

JNG 

WHN 

MRW 

TMP 




K.FT 

TKN 

LGS 

WHT 

MSC 

TRN 




LDR 

TPR 

LNX 

WLT 

MSQ 

WNT 



LHT 

TRH 

LPS 

WSP 

MTH 

WRN 



LND 

TRX 

LQD 

WTH 

NSW 

ZNC 




LNS 

TWG 

LRN 

XMS 

PCK 





LRG 

TXP 

LSP 

XTR 

per 
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dropped to 29 per cent These are the most desirable for test pur- 
poses. 

d, In constructing lists of consonant syllables it is possible to 
have a sequence of six syllables without any repetition of letters 
e All elements of the unit are comparable whereas, in non- 
sense syllables, the vowels and consonants are qualitatively different. 
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LA VALEUR ASSOCIATIVE DES SYLLABES DE CONSONNES A 
TROIS PLACES 
(R£sume) 

On a demande A vingt-quatre sujcta de donner la signification, s’iI y cn 
avait, de 4534 syllabes de consonnes a trois plnccs, qn'on a presentees 
individuellement sur un Umbom dc m£moirc, chacnnc pendant quatre 
secondes, On a determine la valeur associative de chaque syllabe sur la 
base du pourccntage dcs r^ponaes, Celles poss£dant de la signification scion 
I’opimon de tons lea sujeta devaient avoir une valeur associative de 100% 
et celles Tuxqi/elles mil sujet n’a r^pomJu out 6t6 groupees A 0% avec toutss 
les possibiJltes intei med lares mises en eclielle entre ces limites 

Une comparaison des syllabes de consonnes et des syllabes non-9ens scion 
la classification de Glaze montLC que lc9 deux types de materiel ont dcs 
distributions tr6s diftArentes Ses syllabes sont presque uniforniemcm divi- 
s6cs en seize groupes de signification, tanclis que les syllabes de consonnes 
sont plus 6gnles A la courbe normale 
Les avnntnges de cc materiel comme supplement des syllabes oidiuaires 
non-sens sont (n) 4534 unites sont dispotubles, (b) Le materiel est moin3 
significatif que les syllabes non-sens, ayant une valeur associative moyenne 
de 43% au lieu de 50%| (c) II y a 3138 syllabes de consonnes avec une 
valeur associative de non plus de 50% et la valeur associative moyenne dc 
ce gioupe seul n’est que de 29%, (d) Dans les listcs dc test ll est possible 
d r avon une sene de six syllabes sans a licit ne repetition des lettres; (e) Tong 
les elements de I’umtd sont comparables tandis que, dans les syllabes non- 
sens, les voyclles et les consonnes sont qualitativenient difl^ientes, 

WiTMER 

DER ASSOZIATIONSWERT DER DREISTELLIGEN KONSONANTEN- 

SILBEN 

(Referat) 

Viemndzwanzig Ypn, wurden nach der Bedeutung, v?enn irgend elne 
Bedeutung vorhanden war, von 4534 dieistelligen Konsonantensilben 
gefragt, die einzeln auf einei Gedachtnistrommel fur je vicr Sekundcn 
dargeboten wurden Der Assoziationswert jeder Silbe wurde auf Grund 
des Prozentsatzcs dei Antworten bestimmt Diejenigen, die bedeutungsvoll 
von alien Vpn, beurteilt wurden, bekamen eincn 100% As 9 oziationswert, 
und diejenigen, auf die keine Vp antwortetc, wurden als 0% bezeichnet, 
wahrend sich all e dazwiachcnliegenden Mogliciikeiten zwischen dicsen 
Grenzen grupplerten, 

Ein Veigleich der Konsonantensilben mit sinnlosen Silben, wie sie van 
Glaze klassifmert slnd, zeigt, dass die zvvei Arten von Matenaben zwei 
sehr verschiedcne Verteilungen besitzen Seine Silben sind beinahe gleich- 
massig in sechzehn Gruppen del Bedeutung nach eingetcilt, wahrend die 
Konsonantensilben sich mehr der Normalkurvc annahren 

Die Vortcile dieses Materials als Eiganzung der gcwohnlichcn Sinn- 
losen Silben slnd; (a) 4534 Einhciten sind zur Verfugung, (A) das Ma- 
terial i st weniger bedeutungsvoll ala smnlose Silben, uulem es emen durch- 
schnittlichen Assoziationsweit von 43% anstatt 50% hat, (c) es gibt 3138 
Konsonantensilben mit einem Assoziationsweit von nicht nielli n]s 50% 
und der Durchschnittswert von diesei Gruppe nl lent ist nui 29%, (d) in 
Testreihen ist es moglich, eine Reihenfolgc von sechs Silben ohne lrgend 
eine Wtedcrholung der Buchstaben zu liabcn; ( e ) a 1 le Elcmente dei Einheit 
sind^vergJelcfibar, wahrend bei sinnlosen Silben die Vokale und Konsonanten 
qualitativ verschieden sind 
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A STUDY OF THE RELIABILITY AND VALIDITY OF 
THE BtiHLER INFANT SCALE* 1 

From the Strong Memoual Hospital, Rochester, New York 


Ruth M. Hubbard 


This study is an attempt to add to our understanding and inter- 
pretation of scales foi testing infants by studying the consistency 
and piedictivc capacity of one such scale, the Iluhler Infant Scale 
described by Charlotte Buliler in her book, The First Year of 
Life (3). 

Subjects 

The infants to be tested weic obtained through the Well Baby 
Clinic of Strong Memorial Hospital, Rochcstei, N, Y, The exam- 
ine! spoke to individual mothcis in the clinic, dcscnbing the tests, 
telling them an effort was being made to learn what normal babies 
could do at various ages and asking if they would be interested in 
bringing their babies for a test and for retests There was selection 
trom this gioup of miants only in the tact that the mother must 
be able to speak English enough to understand the examiner and 
must be willing to bung her baby, and that the child’s month birth- 
date must fall close to the days for which appointments were being 
made Even though motheis were at first interested in the tests, 
they frequently were unable to keep appointments because of in- 
clement weather, illness of the baby or of someone in the family, 
inability to make arrangements for transportation, or because they 
had lost interest in the tests. Actually only about half the appoint- 
ments made were kept. 

♦Accepted for publication by Carl Murchison of the Editorial Board, and 
received in the Editorial Office, July 8, 1935 
^Acknowledgment is here made for the kind assistance and cooperation 
of the following people in making possible this study Dr N W Eaton, 
Supenntendent of Strong Memorial Hospital, Dr S, W. Clausen, head of 
the Department of Pediatrics, and Dr. E K, Clarke, head of the Depart- 
ment of Psychiatry in the University of Rochester School of Medicine and 
Dentistry, Dr Isabel Wallace of the College for Women, University of 
Rochester, nnd the following students at the College for Women who 
assisted with record taking Frieda Mikell, Marian Rcdfcrn, Betty Rosen- 
berg, Jean Horton, Challice Ingelow, and Clarice Keenan 
Dr Hazel M Cushing has contributed very stimulating comment. 
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At the request of certain social agencies, the Rochester Community 
Home for Gtils and the Children’s Service Bureau, 25 of their infant 
charges were tested 

There were in all 78 babies, 39 boys and 39 girls. All children 
included in the study weie in good physical condition. The age 
distributions for first, second, and third tests, and for those children 
who were later given the Meirill Palmci scale, aie shown in 
Table 1 These ages were computed from birth; no attempt was 
made to compute them from conception 


TABLE 1 
Age Distridution 


Age in months 

First test 

Second test 

Thud 

test Meirill Palmer Totals 

37-33 




1 

1 

35-36 






33-34 






31-32 




1 

1 

29-30 




3 

3 

27-28 




3 

3 

25-26 




2 

2 

23-2+ 




2 

2 

21-22 




3 

3 

19-20 

1 

1 


5 

7 

17-18 

3 

2 


4- 

9 

15-16 

3 

7 

1 

1 

12 

13-14 

5 

6 



11 

11-12 

12 

6 

5 


23 

9-10 

9 

3 

2 


14 

7- 8 

12 

9 



21 

5- 6 

13 

6 



19 

3- 4 

13 




13 

1- 2 

7 




7 

Totals 

78 

38 

8 

25 

149 


The Testing Situation 

The testing was carried on in a roomy, out-patient office, undis- 
turbed, containing only the equipment necessary for giving the 
tests and chairs for seating parents, A regular hospital crib, small 
size, was placed head end toward the window. At its head and 
along the right side stood a cloth-covered screen and behind the 
screen a large table on which the testing materials were placed 
When an observer recorded responses she stood at a high table to 
the left of the crib about eight feet away. Parents were seated from 
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foui to six feet fiom the foot of the crib and a little to the right, 
upon occasion, when the child seemed to be playing for parental 
attention, parents moved behind the screen. 

In a very few cases babies were thought to be a little fearful 
of the room at first, because they had recently been hurt in the 
clinic, but most of them were sufficiently accustomed to the hospital 
sui roundings thiougb then visits to the clinic, so that they showed no 
fear. The time of day for appointments was arranged so as to 
interrupt the child’s feeding and sleeping schedule as little as possible. 
Howcvei, some mothers were very iriegular in their schedules and 
brought babies tired or hungry to the tests. When this happened 
the test was usually discontinued , in two cases the baby was partially 
fed during the testing period In all cases tjic individual (mother 
or social woikci) who brought the baby was present in the testing 
room. This gave such child ten as were fearful a greater feeling of 
security and often made it possible to bring out motor responses 
which the examiner alone could not elicit Never were more than 
two visitors allowed and only one was asked to help in any way 
In a few instances, mothers in then over-anxictv to have the child 
do well interfered with the tests, and had to be asked to remain 
quiet or stay out of sight. 

The testing instructions ns given by Buhler (3) were obeyed as 
closely as possible m administering the tests. "Where directions were 
equivocal, they were interpieted consistently throughout the experi- 
ment; these items will be discussed later. The test materials were 
ordered through Dr. Buhler from Vienna. Non-washable materials 
were coated with shellac. All materials were thoroughly washed 
in warm soap suds after each test to prevent any danger of infection 
Some materials wore out and had to be replaced from local stores. 
Rattles were easily replaced ; it was found preferable to use rattles 
with single straight handles, lather than those with double handles. 
The chicken in a hall was replaced by a dog whose eyes and tongue 
protruded when he was squeezed ; the reaction of babies to the dog 
seemed to be very similar to their reaction to the chicken in a ball. 

For about the first half of the experiment an undergraduate stu- 
dent in psychology was used as recorder, Because it was difficult 
to arrange convenient schedules for all persons concerned and be- 
cause it was felt that, in clinical practice, two persons could not 
be expected to give their time to a single test, the examiner later 
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did her own recording. This slowed the giving of the test some- 
what but did not noticeably lessen the amount of lecording done, 
because abbreviations were used and the notes amplified immediately 
after the test was finished. 

Babies were tested as closely as possible to their month birthdays. 
Ninety-eight tests were made within four days of the month birth- 
day, 109 were made within a week of the month birthday, while 15 
were made at intervals longei than a week befoie or after the 
birthday 

Reliability 

The internal consistency of the scale is our first concern Buhler 
lepoits no data on this point for this scale. Other infant scales 
have shown high internal consistency, foi single month levels. Lm- 
fert and Hierholzer (9) rcpoit a mean collected alteinate-item 
reliability coefficient of .81 for their scale, using single month levels 
Bayley (1) reports for the California First Year Mental Scale an 
aveiage split-half reliability coefficient of .82 for single month levels. 


TABLE 2 

Alternate-Item Reliability Coefficients 


Number 

Reliability 
coefiu lent for 
half scale 

Corrected for 
no of items in 
total scale 

Corrected for 
Wide range 

First tests only 

78 

97 

986 

73 

Second tests only 

38 

.97 

987 

.86 

Third tests only 

8 

.98 

990 

.95 

All tests combined 

12+ 

98 

.990 

80 

Tests, developmental 
ages 1 through 

11 months 

75 

.96 

.978 

,84 

Tests, developmental 
ages 12 through 

22 months 

50 

84 

91 

54 


In Table 2 aie presented alternate-item coefficients for the Buhler 
scale, obtained by correlating mental ages derived from odd items 
only with mental ages derived from even items only. Since there 
were so few cases at any one month level, all ages are combined. 
The second column in the table shows the law coefficients, the third 
column gives these coefficients corrected according to Edgciton and 
Toops’ method (5) for the length of the total scale. Because the 
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range of ability represented by these coefficients is 11 to 22 months 
of developmental age, these are not comparable with coefficients 
obtained for single month levels. Wc find fiom our data that the 
range of ability included m 11 months is tlnce times the range in- 
cluded in one month level, and the range of ability included in 22 
months is about six times the range included m one month level, etc. 
Coirccting each coefficient of the third column for the extent of its 
range we obtain the coefficients in the fouith column (8, p 221). 
These repiesent the piobnblc lclinbility foi single month levels and 
are moie nearly comparable with the coefficients quoted by Linfcrt 
and Hicrholzcr and bv Bay ley. The internal consistency of the 
Buhler scale for the fust year seems to be about the same as that of 
the other two infant scales However the Buhler scale for the sec- 
ond year of life is considerably less consistent. 

A moie important ciiteiion of the value of the scale is the agree- 
ment between scores on first and later tests Buhler (3, p 275) 
reports that she retested 25 children at intervals of foui to 12 
months and that “the result of the fiist examination agreed with the 
result of the second with the exception of two cases " She does not 
report test mtings for all 25, but reports them for five children who 
me considered to be unexceptional cases The second developmental 
quotients in these five cases differ from the first quotients by 0 to 20 
points. She states that “there is no Case in which the lesult of retest- 
ing directly contradicts oui prognosis " 

For the present experiment it was planned that mothers would 
bring their babies back regulai ly at two-month intervals for retests 
Few mothers were sufficiently interested to do tins regularly. Be- 
cause of broken appointments, the inleivals between first and second 
tests vary fiom one month (a case that accidentally returned too 
soon) to nine months, with an aveiagc at four months The inter- 
vals between first and third tests vaiy from five to nine months with 
an aveiagc at six and a half months Since tlieic were so few cases 
no scpaiatc computations of reliability weie made for the different 
length intervals 

In Table 3 arc presented the changes m developmental quotient 
from test to retest The changes are piedominantly positive when 
the second test is compared with the first This would suggest the 
babies were much more accustomed to the test situation at the time 
of the second test, if we did not find more negative changes from 
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TABLE 3 

Change in Developmental Quotients at Retest 


Points of change 
in DQ 

First to 
second test 

Second to 
third test 

First to 
third teat 

46 

to 

50 

1 



41 

to 

45 

1 



36 

to 

40 

1 



31 

to 

35 

3 



26 

to 

30 

2 


1 

21 

to 

25 

5 


0 

16 

to 

20 

+ 


0 

11 

to 

15 

7 

1 

1 

6 

to 

10 

6 

0 

2 

1 

to 

5 

8 

2 

1 


0 


0 

0 

0 

-1 

to 

-5 

1 

2 

2 

-6 

to 

-10 

3 

2 

0 

-11 

to 

-15 

1 

1 

0 

-16 

to 

-20 

l 


1 


second to third tests, when the babies should be still better accus- 
tomed to the tests The median amount of change from first to sec- 
ond test is + 124 points of developmental quotient; the median 
amount of change from second to third test is ■ — 2 5 points of de- 
velopmental quotient Changes as great as — 19 and +46 points 
occurred in individual ratings Bayley (1) found less agreement 
between test and retest when the interval was longer Although we 
have too few cases to make any such comparison valid, still the few 
cases that we have show no consistent lelationslnp between length 
of interval and variability in score. 

Retest reliability coefficients are shown in Table 4. Apparently 


TABLE 4- 

Retest Reliability Coefficients 



N 

Coefficient 

Probable error 

1st test vs 2nd test, both sexes 

44 

70 

±,05 

2nd test vs. 3id test, both sexes 

1st test vs 3rd test, both sexes 

8 

.94 

±.03 

S 

75 

± 10 

1st, 2nd £e 1st tests vs 2nd, 3rd 
& 3rd testa, boys 

1st, 2nd & 1st tests vs 2nd, 3rd 

28 

69 

±,07 

& 3rd tests, girls 

1st, 2nd & 1st tests vs 2nd, 3rd 

32 

70 

± 06 

& 3rd tests, both sexes 

60 

.70 

± 04 
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(so far as can be estimated from the small number of cases) second- 
and third-test latings aic more stable indications of a child’s ability 
than first-test ratings The last coefficient in the table was obtained 
by combining all tests given, in older to use as many comparisons as 
possible In the couise of the experiment a similar coefficient was 
calculated using only half as many cases This prelimmaiy reliability 
was .67 and so suggests that the 70 reported here is a fair repiescnta- 
tion of the constancy of the test ratings. 

Bayley (1) reports an average coirclation between ratings on 
consecutive tests one month apart of .82, between ratings on alter- 
nate tests two months apart of 70 Even though the average inter- 
val between our fust and second tests with the Rubier scale was four 
months, still the agreement between ratings is fairly close, repre- 
sented by a correlation of 70. Oui cases are too few to lead to con- 
clusive results, but the indication seems to be that the Buhler scale 
gives fanly reliable latings; that for prediction for individual chil- 
dren, at least two tests should be made 

Validity 

Another impoitant criterion for the scale is the agreement of its 
ratings with other measuics of intelligence. Muhlcnbcin and Furfey 
(11) repoit coirelations between infants’ ratings on the Linfert- 
Hierholzer scale and Stanford Binct ratings made four years later, 
ranging from — .34 to — 11 foi three single age groups of 26 to 28 
children each. The total group of 81 infants' tests coirclatcs .00 
with Binet ratings made four years later. Bayley (1) reports a 
correlation of ,22 between the average score of a child in the 7th, 8th, 
and 9th months with Ins performance in Ins third year 

To obtain a measure of the validity of the Bidder scale as many 
children as possible were tested with the Mein'll Palmer performance 
scale when they became old enough Their average age at the time 
of the Men ill Palmei test was 23 4 months with a range from 16 to 
37 months The correlations between Buhler and Merrill Palmer 
ratings aic shown in Table 5 The last column of the table shows 
the raw correlations coirccted for attenuation (8, p, 204). For 
the attenuation formula the reliabilities used were, for the Buhler 
test, >=.70 from Table 4 and for the Merrill Palmer test >=.72 as 
repoited by Stutsman (13) foi S D. scores on children two to five 
yea is old, retested after an interval of two months, It will be seen 
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TABLE 5 

Validitv Coefficients 





Coi relation 

Average 

Range 


coefficients 

interval 

of 


conccted 

between 

interval 

Correlation 

for 

N i tests 

length 

coefficients 

attenuation 


1st Buhler test vs. 
Merrill Palmer 

25 

13 2 mos 

1 to 26 mos y 

yS7± U 

52 

2nd Bubler test vs. 
Merrill Palmci 

15 

10 1 mos 

2 to 24 mos 

.70 ± 01 

99 


that these children were not only younger at the time of their Mer- 
rill Palmer test than the children in the two studies of infant scales 
repeated above, but also that the interval between tests was shorter 
Also these two scales are rathei similar in type, largely dependent 
upon manipulative capacities. Pei haps these three factors account 
for the closer relationship tound here between infant test ratings and 
preschool test ratings. There seems to be some tendency for those 
child icn who late high on the Bubler scale to late high also on the 
Merrill Palmei, and the agreement between the two scales is much 
more marked if the second of two infant test ratings is considered 
Another indication of the validity of the scale is the distribution 
of sco ies, Tabic 6 presents the distribution of developmental quo- 


TABLE 6 

Distribution of Developmental Quotients on Initial Tests 


DQ 

Number under 1 year 

Number 1 year or over 

160 


1 

ISO 

5 

1 

140 

1 

1 

130 

2 

0 

120 

9 

3 

110 

11 

3 

100 

18 

4 

90 

5 

4 

SO 

70 

60 

6 

l 

50 

1 



tients for children whose chronological ages weie under one year 
and for those one year or over. Considenng that the gioup is small 
the distributions are fairly tegular, except for the skewing toward 



RELIABILITY AMD VALIDITY 01' BUIILER SCALT 


369 


high scoics and the picsence of some "which seem to be f leak: scores 

The average mental level of the group is another way of gauging 
the validity of the scale. It is to he noted that these infants came 
from underprivileged homes, homes being assisted by relief agencies 
and being given free medical caie. Studies (15, 2, 7) of school 
childten from such underprivileged homes as these have shown IQ’s 
about 10 points below the avciagc for the general population. Exact 
data on infants fiom such homes aie not available Ripin (12) finds 
that infants in orphanages aie not different in general mental level 
from infants in their own homes up to the age of six months but 
that above that age there is a “marked difference” in favor of the 
private home group even though the homes weic of low socio- 
economic status. The infants used in standardising the Buliler scale 
were in a leceiving home awaiting adoption or placement in homes. 
Buhlei makes no statement as to whether this fact was considered in 
evaluating test responses. One might expect, theicforc, that aver- 
age children would rate above avciage on this scale. 

Table 7 presents the average developmental quotients made on 


TABLE 7 

Average Development a l. Quotients on First Test for Certain 
Groups Tested 


Group 

Number 

Developmental 

Quotient 

Standard 

Deviation 

Infants from Well Baby Clinic, 
all ages 

47 

115 5 

22.5 

Infants from social agencies, 
all ages 

25 

107.2 

13 3 

Well Baby Clinic, 2-6 months 

Well Baby Clinic, 7-12 months 

22 

110 l 

22 7 

19 

123 7 

22 1 

Well Baby Clinic, above 12 months 

6 

109 7 

112 

Social agencies, 2-6 months 

8 

105 3 

11 2 

Social agencies, 7-12 months 

11 

309 0 

13.5 

Social agencies, above 12 months 

6 

306 5 

13 4 


first tests foi groups of infants used in this study These babies run 
significantly above aveiage in mental ability as it is mcasuicd bv this 
scale Children from seven to twelve months old, who should, ac- 
cording to Ripin’s results, be beginning to show the effect of their 
meager environment, rate even higher than children two to six 
months old. Even though the number of cases here is not large, 
this result suggests a doubt of the adequacy of the standardization of 
the scale. 
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In the years represented by this testing program, many persons 
were having to seek help of social agencies and free medical care 
who in more prosperous years would have been independent. May 
not this fact cause children brought to dispensaries, etc , to be 
brighter than similarly selected children a few years ago when the 
studies cited above on undei privileged families were made? To test 
this hypothesis some few items of social histoiy were collected from 
as many parents as possible. The data are incomplete because some 
children were illegitimate and nothing was known of the fathers 
Also data as to mother’s education weie not always available. The 
average Bair rating (14, p. 67) for the occupations of 41 employed 
fathers was 8 18, slightly above the average of the general popula- 
tion and about equivalent to the occupational level of plasterer or 
general painter This may not be a true indication of the father’s 
abilities because, on the one hand, many reported they had held oc- 
cupations of higher level a few years ago and on the other hand many 
were at the time unemployed. The average education of 37 fathers 
was 8.5 grades; of 51 mothers, 10 grades. The education of those 
parents for whom data were not available may be lower than the 
education of these reported Considering, however, both occupa- 
tion and education of the parents as an indication of their mental 
level, the group seems to be just about average in ability and there- 
fore a little above the usual out-patient clinic level. 

Even though their parents may be average in intelligence still this 
group of children seems to rate unusually high. Thirty-nme per 
cent of children under one year rated superior or higher on their first 
tests ; 33 per cent of those one year or over rated superior or higher. 

Before we judge the Buhler scale too harshly, it ts to be noted 
that on the Merrill Palmer scale also these children rated sur- 
prisingly high The average Merrill Palmer rating of 25 children so 
tested was High Aveiage, and 15 per cent of the 25 rated Superior 
or Very Superior. Even considering the fact that the more intelli- 
gent children were probably returned by their parents for retests, 
this suggests that our group is probably of higher mental level than 
their economic and educational level would lead one to expect. 

Under the circumstances of the present study it was not possible 
to select infants in representative proportions from all occupational 
levels. Since the scale seems to be fairly reliable in comparison with 
other infant scales and to have some predictive capacity with respect 
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to ratings on preschool tests, it would seem worth while that it be 
given to a large group of representatively chosen infants to determine 
whether 01 not its ratings are actually spuriously high for the general 
population. 

Administration of the Scale 

In many places the instructions for giving this scale are equivocal 
or incomplete The proceduies decided upon for use in this study 
are described here, not because they represent anything final by way 
of standardization but because they are one further step in the use 
of the test They are presented m the hope that later users of the 
scale will be enabled better to standaidize then procedure before 
beginning, and to be able to obtain more reliable and valid results. 

In this study all chronological and developmental ages were com- 
puted in terms of months and days, making the quotients as accurate 
as possible 

Buhler recommends the giving of five test levels to each child, 
the level at his own month age, two month levels below, and two 
above (3, p. 195) Many of the children, the detailed report of 
whose tests she gives, did not pass all tests at the lowest of these five 
levels, nor fail all tests at the highest of the five levels given In 
our practice, we tested each child on a level low enough that he 


TABLE 8 

Scatter of Test Successes 


Age in 
months 

Number of 
children 

Average scatter, 
month levels 

Range in test 
levels 

2 

6 

3 8 

3 to 5 

3 

6 

5 1 

4 to 6 

4 

7 

47 

4 to 6 

5 

8 

5 5 

4 to 8 

6 

11 

5 8 

4 to 8 

7 

10 

65 

5 to 9 

8 

11 

6 6 

5 to 8 

9 

7 

69 

5 to 8 

10 

8 

6.5 

4 to 8 

11 

10 

67 

5 to 9 

12 

12 

6.1 

4 to 9 

13 

5 

6 0 

4 to 7 

14 

5 

so 

4 to 6 

IS 

6 

SI 

3 to 8 

16 

5 

42 

3 to 5 

18 

5 

38 

3 to 4 

19 

2 

65 

6 to 7 
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passed all tests and continued testing to a level high enough that he 
failed at least all but one test This was done because we wished to 
make no a pi ion assumptions as to the normal scatter of an infant’s 
successes but rather wished to discover the extent of such scatter as 
measured by this scale, Table 8 shows the amount of scatter found. 
If the testing for each child had been limited to five test levels, 56 
per cent of the childicn would have been incompletely tested, since 
this percentage of the gioup scatteied over more than five test levels. 
If the testing foi each child had been limited to six test levels, 32 
per cent of the child ten would still have been incompletely tested 
It would appear that the more desirable practice would be testing 
from the level at which the child passes all tests, through the level at 
which he fails all. 

There is a vciy serious defect in the joining of the fiist-year scale 
to that of the second year. The first-year scale includes one series 
of ten tests for each month level from two to eleven months in- 
clusive, each lest carrying three days’ credit The second -year scale 
includes ten tests for each three-month peiiod, 12 months to 14 
months 30 days, 15 months to 17 months 30 days, etc., each test 
carrying nine days’ credit If a child passed all tests at eleven months 
he would be given a developmental age of eleven months. If he 
passed all the tests on the next higher (three-month) level he should 
logically be gnen a developmental age of fourteen months. Bidder, 
recommends, however, (3, p. 198) that the basal score foi childien 
between 12 and 15 months be 12 months and that cicdit foi all tests 
passed be added to this. This would add one month to the child’s 
developmental age without any tccts haying been given for it, then 
a child 12 months old would ieceivc full ciedit for one extia month 
of developmental age wheieas at 11^4 months he would receive no 
pait of that ciedit. Also a child who passed some but not all of the 
tests in the 12- to 15-month level would receive no part of that extia 
month’s credit The developmental quotients of individual childien 
tested twice, once before 11 months and once aftei 12 months, would 
not be conipaiable because of the month added gratuitously For 
these reasons we felt we could not adopt Buhler’s method of credit- 
ing We considered using the already obtained developmental age of 
11 months as the basal score foi the 12- to 15-month tests, and 
adding credit foi any tests passed above this level This piocedurc, 
howcvei, made ratings obtained on the second-year scale incomparable 
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with those obtained on the first-yeai scale by being too low. It was 
necessary to find a way to add the month that should make the extra 
credit obtained propoitional to the brightness of the child To do 
this wc re-evaluatcd the tests of the 12- to 15-month level so that 
success on all tests would carry foui months* credit instead of three 
months, and each individual test would carry 12 days’ credit instead 
of nine days’ This ovci weigh ted the tests of this level in piopor- 
tion to other tests of the scale, making them have more effect on the 
final score However, the advantage denvcd from giving credit pro- 
portional to the number of tests the clnld passed seemed to out- 
weigh this disadvantage 

In our administration of the tests, the clnld was presented with 
only one toy at n time unless the test specifically required more 
This was done in order to avoid oveistimulation and to obtain atten- 
tion as undivided as possible to tiic test being given Specific 
methods of giving Ccitam tests ate described m die following para- 
giaplis, Roman numerals indicate the month level, and Arabic 
numeials the number of the test in that level 

Test II 8 Reaction to Changing Tone of Voice This test and 
VI 9 Imitating Sounds aie difficult to standardize from person to 
person without actual practice The contrast between normal and 
changed voices cannot be desenbed in exact terms Also the ex- 
aminer almost inevitably alters the contrast to suit the child, making 
it mild foi the child she expects to be frightened and making it 
marked for the children she considers phlegmatic 

III 6 Changed Reaction upon Repeating the Piesentation of an 
Auditory Stimulus. In this test we used the whistle only, not the 
voice. 

Ill 8 Mask Test Like McGiaw (10) wc found fright to 
be a less fiequent response to this test One of six two-months 
babies was Lightened, two of six three-months babies ami three of 
seven four-months babies There was staling and widening of the 
eyes, followed by smiling oi even an immediate broad sirulo 

IF 1 Expiession of Displeasuie When Adult Stops Playing with 
the Child Foi this test unstandaidizcd speaking, singing, and play- 
ing are lecommendcd before the examiner withdiaws from the child. 
In our testing, the examinei meiely withdiew after certain othci 
tests involving play with the child had been administered If, after 
III 1 Returning the Glance with Smiling or Cooing, the clnld looked 
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aftei E, III 7 Reaction to the Disappearance of the Human Face, 
was credited, If, after the child had been doing the grasping tests, 
IV 3 and 4 and the diaper experiment IV 5, the child showed more 
active displeasure when E withdrew, test IV 1 was credited 

IV 4 Grasping a Touched Object. The instructions here do not 
tell how much help to give. We lightly touched the back of the 
child’s hand with the tattle. If this did not elicit the correct response 
the rattle was placed in contact with the child’s palm. If he grasped 
firmly, credit was given. 

IV 7 Positive Reaction to Light The tests to be given in the 
daik were given by merely putting a black cloth ovei the crib, be- 
cause the noise of darkening the room was too disturbing The black 
cloth was pulled over the crib slowly while talking and smiling at 
the child, so as to minimize his fear. Both this test and VII 6, Loss 
of Interest m a Repeated Stimulus, were omitted with some children 
who showed marked fear by crying 

The imitative tests III 9 Imitating Facial Movements, (pursing 
lips), IV 9 Wrinkling the Brow, V 9 Sticking out the Tongue, and 
VI 9 Imitating Guttural Sounds, arc said m the instructions to be 
demonstrated for three to ten minutes if the child does not respond 
Correctly. Comparing these items with other scales and noting the 
behavior of infants in this study, such a period seems to be too long 
At 20 and 28 weeks, Castner (4) reports 20 seconds as long enough 
to elicit the prehension response if it is going to appear in the child. 
The Buhler imitative tests are given to infants of thice, four, five, 
and six months In practice we found if the lesponse did not appear 
in one minute it did not appear at all. Howevei, to make sure, 
each of these tests was lepcatcd twice later during the testing period. 
Judgment as to whether the imitative lesponse appears is highly 
subjective. 

V 1 Reflecting Friendly and Angry Facial Expressions, VI 2 Dis- 
tinguishing between Friendly and Angry Talking, and VII I Distin- 
guishing between Angiy and Friendly Facial Expressions are three 
more unstandardized tests. The remarks made are to be extempore 
and one finds it very bard to scold a baby convincingly Responses 
to these were hard to elicit, possibly because the scolding was un- 
convincing but also because mock-angei is frequently a pait of family 
play with a baby Very often the scolding tone elicited fiist a ques- 
tioning serious expression and then a broad smile Such responses 
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seemed to be a correct adjustment to the situation as a whole and 
were thejefore credited, 

VI 3 Sitting with Support, was credited if the child sat for even 
so short a time as half a minute. The instructions are indefinite; 
probably a longer sitting should have been expected. 

VI 6 Displeasure at Unsuccessful Giasping. The response of 
several energetic children was not a negative expression, crying, re- 
sentment, or objection, but a more forceful leaching with a “de- 
termined” expression This response was credited because it seemed 
a more mature response than the negative one 

VII 2 Locomotion was difficult to elicit. Mothers’ spontaneous 
reports of childicn’s locomotive responses were credited, if accord- 
ing to detailed descriptions this cicdit seemed justified 

VII 5 Pushing Away a Stimulus. This test was difficult to score 
because some childien quite capable of forceful, directed pushing in 
other tests, suffered the annoyance of this test without objection 
The same stimulation had happened to them so often in the home 
at bath time that they were in the habit of submitting. 

VII 8 Taking a Tov Away from an Adult was not credited unless 
the child actually got the toy, but the toy was held loosely in E’s 
clasped hand. 

IX 3 Understanding Gestures. Gestures have apparently become 
a game for many children. More of them laughed at the threatening 
finger or tried to take it than were fearful. For this reason, the 
test was scored mainly on the basis of the response given to the 
welcoming gesture. 

IX 4 Playing Cuckoo. For this test the words used were “Where’s 
the baby?” and " Thete she is” instead of “Cuckoo” and “Da da.” 
This is in line with the current tendency to avoid baby talk to 
infants 

IX 5 Kneeling with Support. It is difficult to learn from the 
directions how much support should be given the child ; we w r ere 
not sure whether the child should be expected to hold the position 
without any support or whether he held it with a continuance of the 
help E gave in getting him in position. Therefore E gave light sup- 
port with both hands and if he stiffened and held the position erectly 
with this suppoit the test was credited The number of credits 
given for the test shows that giving the test in this way made it too 
easy. Of the children given the test at six months, tlnee passed and 
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two failed, at seven months five passed and three failed, at eight 
months eight passed and thiee failed, at nine months seven passed 
and none failed, at ten months eight passed and none failed, at 11 
months eight passed and two failed Above this level all passed. 

IX 9 Pocket Test is also uncertainly described, as to size of toy 
used, depth of pocket, particular toy chosen, repetitions of test. In 
our work, the small metal snapper was used , this was shown to and 
sounded for the child, then d topped into a pocket six inches square, 
if he did not reach for it the test was repeated as many as four times, 
at the end even holding the pocket in such a way that the child could 
see the snapper in it Children differed markedly in their spontaneity 
in reaching and the item seemed less an intellectual than an emotional 
test 

X 2 Organized Play with an Adult requites sufficient confidence 
in the examiner on the part of the child that he give up a toy will- 
ingly For tins reason the test must be given rather late in the 
testing penod and always with a smile, 

X 6 Glass Plate Tests. This was correctly done by few children 
and their procedure was never that described by Buhler as normal. 
They usually pulled the glass forward and reached over it for the toy. 
Any toy in which the child had shown marked interest was used be- 
hind the glass. 

X 8 Memory Test. Like McGiaw (10) we found five minutes 
too long a time to expect the child to play with box and ball He 
was kept interested in the box for as long as two minutes. Since 
both tests X 8 and XI 3 (the memory test with a longer interval) 
had to be given to the same childicn the question arose as to whether 
if X 8 were passed the box and ball should be presented again to- 
gether in pieparation for the ten-minute interval of XI 3 This 
same question arose in connection with the memoiy tests at the 
higher levels XII 6 and 7, XV 7 and 8, XVIII 6 and 7 and XXI 
6 and 7 To give the memory tests fairly at the first level at which 
each appeared one must test the child’s memory after the shortest 
interval. If he passes it at this level, one must in fairness at the 
next higher level present the complete stimulus (box with ball in it) 
again and then wait the next longer interval But by presenting 
the stimulus again one adds to its value by summation and un- 
doubtedly theiefore adds to its memory value. The instructions 
for the memory tests do not clear up the dilemma, so we gave each 
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test in order, presenting the complete stimulus before each memory 
period For some bright children of 12 months this meant that they 
saw tile box with ball in it four times at ever increasing intervals, 

X 10 Opening a Box Tins test is easily done by the child through 
sheer accident if he manipulates or bangs the box at all The cover 
is loose enough to fall off In the absence of any definite criterion 
of his intention to open the box these appaiently accidental openings 
had to be ci edited 

XI 5 Imitating Sounds If the child’s vocalizations could not be 
elicited here the mother’s spontaneous report of syllables said at 
home was given credit. 

XI 6 Fear of the Unfamiliar, Wc usually used the chicken in tile 
ball as stimulus for this test Buhlci suggests cither a new toy, a 
stiange person, oi a sttange situation. Wc selected the toy as being 
more standard, since the three kinds ol stimuli she suggests aie not 
comparable and piobably have less similar values for different chil- 
dren than an unfamdim toy would have. 

XI 7 Pulling an Object by its String. For this test the string 
was placed ncai the child's hand, never in it, although Buhler sug- 
gests this alternative. 

XI 9 Fitting Hollow Blocks into One Another and XII 10, 
Taking a Nest of Blocks Apart and Putting Them Together Again. 
The distinction between these two tests is not clear For both levels 
the nest of blocks is taken apart and placed before the child The 
examiner does not show how they arc to be pul together For the 
11-month test “The child puts the blocks together again, fitting the 
smaller ones into the laigcr” (3, p 238). For the 12-month test 
the examiner observes the child for five minutes and he is credited 
with success if he “puts one block into another and takes it out again 
at least once duiing the period of five minutes” (3, p 244). This 
seems to make the 12-month success easier to obtain than the 11- 
montb success We kept a wiitten lecoid of exactly what each child 
did with the blocks No child even as old as 20 months put all the 
blocks together again, in fact no child had more than three of the 
five together at any one time so the 11-inonth criterion seems to be 
too difficult The 12-month criterion was passed by two of the cight- 
ten-month childien, by three of the ten eleven-month children, by 
four of the five 13-month children, by all children older than thirteen 
months except one 15-month child with a developmental age of 
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thirteen and a half months, and a very much inhibited 20-month 
child. Although our cases are too few to use as a basis for definite 
standardization these results suggest that the 12-month criterion of 
one block into anothei during the five-minute period is probably fair 
to children of 12 months In our study the test was credited at both 
levels if the 12-month criterion was passed. 

Crediting the test this way makes a child receive two credits for 
only one test. We have caiefully studied the iccord of the re- 
sponses made to tins test in the hope of finding other possible dis- 
criminative criteiia for it. At all ages from eight months up, bang- 
ing occurred along with the fitting of blocks into each other, so this 
behavioi is not discriminative. Those child len who fitted alternate 
sizes into each other also did the harder manipulative stunt of fitting 
consecutive sizes into each other, so these two types of response are 
not disciimmative. Piling two blocks on cadi other seems to begin 
rather suddenly at the age of 14 months or the developmental age 
of 16 months, so such a test might be appropriate in the 15-month 
group of tests We found no method of scoring the blocks that 
seemed to be discriminative as a substitute for the test at 11 months. 

XII 1 Organized Play* Getting up and Lying down, This test 
aroused some negativism, partly because children of this age seemed 
to object to being in the lying position even for a moment and partly 
because they all objected to the slight coercion used to demonstrate 
the “game.” 

All the walking and standing tests were given on the floor if they 
weie not passed in the crib, because the crib mattress gave so difficult 
a walking surface. These tests were better elicited by mother than by 
cxaminei. 

XII 5 Grasping at the Reflection of a Cracker in the Mirror, We 
used a small, ^-inch ball instead of a ci acker as the stimulus It is 
difficult to determine whether the spot the child reaches for in the 
mirror is where the lcflection of the ball is, because of course the spot 
where the reflection of the ball is seen is diffeient for the examiner 
than it is for the child There is a question as to whether the child 
is just patting his own image as in XII 4 (Observing His Image in 
the Mirror) rather than reaching for the ball 

XII 7 Recalling the Chicken. This test, Buhlei says, is to be given 
before XII 8 Imitating Squeezing the Ball to Make the Chicken 
Come out, It seemed to us that this was a needless precaution because 
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the same memoiy test given at highci levels has to come after imitating 
squeezing the ball anyway. In fact, having the memory tests follow 
squeezing the ball seemed preferable because if the child knows how 
to push the chicken out his memory response is more easily scored; 
there is a definite activity, squeezing, as the criterion of memory, 
rather than just the decision as to whether he “looks qucstioningly.” 

X] 7 III 1 Understanding a Forbidding, It is recommended by 
Buhler that the child and examiner be engaged in play for “five to 
ten minutes” before the toy to be forbidden is mtioduccd. In our 
woik we utilized the previous testing peiiod and while the child was 
engaged in playing with blocks, drum, sticks, or some other toy, the 
examiner manipulated another toy The toy clioscn should be one 
that the child has not been playing with before oi the forbidding will 
have no point, it must be one the child is not allowed to play with 
later or he is likely to show hesitation in playing with it latei We 
used a toy hke the rubber doll that was intended for earlier age levels 
but was still intci csting to this age, 

XVIII 3 Climbing. Foi this test wc used a nuisery school chair 
with the seat eight inches from the floor The child held either the 
back of the chair or the crib for support 

XVIII 5 Finding and Taking a Ci acker fiom under One of Two 
Boxes. Here again we used a small ball (different from the one 
used in the memoiy tests) instead of the cracker. The criterion of 
success is said by Buhler to be the passing of three trials Whether 
this is three of three trials, three of foui, or three of five is not 
stated. We credited only three consecutive initial successes. 

XVIII 10 Respecting the Work of Another. The di lections da 
not state how long the child should observe the tower. Wc credited 
the test if he observed it a moment even if then he tare it down 
XXI 5 Putting a Watch to Ins Ear upon Command. Instead of 
using the words “Where is the tick-tock ?,) to get the child to put the 
watch to his own ear we used the words “You hear the tick-tock " 
The watch was tied on a long string one end of which the examiner 
held. 

XXI 9 Fitting Two Hollow Sticks into One Another The two 
hollow sticks piovided would not /it together, so we ci edited merely 
the attempt to fit them together 

XXI 10 Placing Blocks on Top of One Another. The criterion 
for success with the blocks at this age is “The child places at least 
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two blocks on top of one another during a period of five minutes” 
(3, p 254), We were not sure whether this meant one block on 
top of one or two blocks on top of one, making a pile of three, A 
record was kept of exactly what each child did with the blocks One 
child at nine months, one at 11 months, seven of 12 children at 12 
months, and one or more at nearly every month level above that, 
piled one block on another at some time during their play. We gave 
no test to any child over 20 months of age. We conclude fiom these 
results, and also from the fact that the Merrill Palmer scale demands 
the piling of thiee blocks lmitatively at 18 months, that the correct 
scoung for this test is thuee blocks jii a pile We used this criterion 
and scored piles of two blocks only as failures. 

From the meager data collected in this study for children of each 
month level on the tests of that level alone (six to 12 clnldien) no 
definite statements as to the placement of individual test items are 
justified We found several tests which were passed by all children 
of their month level and some passed by no child of their month 
level A full study of the placement of these items will have to 
await the testing of more infants. 

Evaluation or the Scale as a Whole 

The Biihler scale for the first and second years of life was selected 
for this study for several reasons. It contained many single test 
items for each test level. Its ratings weic in terms of developmental 
ages which aic easily comprehensible to lay peisons. The lack of 
rigidity of its standardization and the freedom permitted in the 
testing procedure weie considered to be an advantage in applying the 
tests clinically It was desired to learn how reliable and valid the 
measures of a child's ability could be, when obtained under such 
comparatively informal circumstances. 

In administering the scale we have found several disadvantages in 
its makeup. The perishable, non-washabie materials are a handicap, 
especially when they come fiom the distance of another country 

There seem to be many frustintions, obstacles placed in the child’s 
way or toys in which he has become interested withdrawn, to observe 
his method of adapting to them Each frustration aiouses the child’s 
anger or other negative reaction and makes the test difficult to give. 
The Biihler scale was compared in tins respect with the three other 
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best known infant scales Of 115 items in the University of Cali- 
fornia scale fat infants (1), nine aie frustrations; of 64 items in the 
two series of the Linfert-IIierholzer scale, four arc frustrations; of 
the 186 items of the Gcsell scale that are used for testing the first 
two years (6), 10 are frustrations Of 140 items in the Rubier 
scale, 27 are fiustrations. This scale, then, has more than twice as 
high a percentage of frustrations as any of the other scales 

The wide scattci of cfufdien's successes is a disadvantage inasmuch 
as it forces the lengthening of the testing period No doubt, as the 
scale is used more, tests that may he slightly misplaced at present will 
be re-allocated and any scatter due to this cause thereby eliminated 
The very fieedom allowed in the admimstiation of the scale is a 
handicap in that one can never be suie he is following instructions 
sufficiently closely The scale is not at this point a scientific tech- 
nique but leaves much leewav for subjective judgment. In view of 
tins characteustic of the scale, the good statistical results obtained 
with its use me suipnsmg 

In spite of these disadvantages, this study of the scale and its 
probable lelmbihty and validity as indicated by the testing done on 
this relatively small group of children suggests that the scale is well 
worth the effort of a thorough standardization. 

Summary 

The Biihler Infant Scale was used in testing 78 infants from the 
Well Baby Clinic of the hospital The babies leturncd for retests, 
at intervals averaging four months in length 

The retest reliability coefficient for 44 cases, first versus second 
test, was ,70=k 05 Theie weie changes as great as — 19 or 
points in developmental quotients on retests of some individual chil- 
dren, and ratings obtained on second tests were moic reliable than 
those obtained on first tests Ratings seem to be fairly reliable but 
for individual predictions at least two tests should be given 

The Meirill Palmer scale was administered to these children as 
they became old enough First-test ratings of 25 children on the 
Bidder scale agreed with their ratings on the AderrdI Palmer to the 
evtent of a coi relation of 37 =t 1 1 , second-test ratings of 15 children 
agreed with their Merrill Palmer test ratings to the extent of a 
correlation of .7Q± 09. When corrected foi attenuation these cor- 
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relations became .52 and .99 There is more agreement between 
ratings on this scale and on the Merrill Palmer than has been 
reported between the ratings of any other infant scale and a pre- 
school test. 

The average developmental quotients for these children from 
marginal and dependent homes were “high average” or “superior,” 
suggesting that the scale may be too easy foi children of the geneial 
population There are indications that the group used for this study 
were actually above the average for their economic level The 
adequacy of the standardization of the scale can be tested only by 
studying a large and representative sampling of infants from all 
levels 

Disadvantages of the scale hcie mentioned wcie the wide scatter 
of successes necessitating a testing penod of an hour in many cases, 
the hiatus of a month between the eleven- and twelve-month levels 
for which no tests arc piovided, the number of f lustrations in the 
series, and the inadequate standaidization of administration and 
scoring 

Specific procedures were here described for some tests whose 
original instructions were equivocal 
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UNE ETUDE DE LA CONSTANCE ET DE LA VALIDITY DE 
L’ECHELLE DE BUHLER POUR LES ENFANTS 

(Rdsumc) 

On a employd 1’Echclle dc Buhlci pour les Enfants pour tc9ter ct tester 
de nouveau 78 enfants Ln Constance du nouveau test dans 44 cas, lc 
premier test compart an second, a 6tfi de 0,70 mais de giands changcmcnts 
des quotients de ddveloppcment se sont montrds dans les nouveaux tests de 
qtielques enfants individuels, ce qm suggere la necessity dc deux tests avant 
qn'on fasse dca predictions indmduellcs 
Les dyalualions de 25 enfants dans le premier test sur L’dchclle de Buhlci 
ont donne une corrdlation de 0,37 nvec lours Evaluations Merrill Palmer, 
les Evaluations de 15 enfants dans le second test out donnE unc coi relation 
de 0,70 nvec leurs Evaluations Merrill Palmer Ces corrElations reprEscntent 
un plus proche accord rpi’on n*a rapporte entre les evaluations de n’importc 
quelle autre Echcllc pour les enfants et un test prc-scolairc 

Les quotients moyens de develop pement pour ces enfants dc families mar- 
ginales et dEpciidnntes ont EtE ‘'moyens supeneurs" on “ 31 ^^ 1611 ™/* cc qui 
suggdre que I'echelle pent ctrc trop facile pour les enfants dc la population 
gEnciale 11 y a des indications que le groupe cmployE dans celtc Etude 
a Ete vraimcnt au-clcssua de la moyenne pour leur niveau Economique On 
ne pent tester la sulhsanec de la standardisation de l'Echcllc qu’au moyen 
d’Etudicr un Echnntiilon grand et representatif des enfants de tous les 
nlveaUx 

On n discutd les inconvenients de I'Ecfielle et les processus pour les tests 
spficiaux. 


IIubdard 
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EINE UNTERSUCIIUNG DER ZUVERLaSSIGICEIT UND 
GtiLTIGKElT DER BUHLER KINDEUSKALA 

(Referat) 

Die Bulilcr Kindersk.ila wiirde bei dci Prufung und Wiederprufung 78 
kJeiner Kinder angcwandt Die Wiedcrprufungszuverlassigkeit fui 44 Fa])e, 
der erste gegen den zweiten Test, war 0,70, nbei es gab giossc Andemngen 
der Entwicklungsquoticnten bei Wiederprufungcn von einigen Kindem, was 
darauf huuvcist, dass die Notwcndigkeit fur zwci Tests besteht, bevor 
einzelne V other sagangcn geuiachr werden konnen. 

Die Werte des ersten Tests der 25 Kinder auf dei Buhler Skaia korre- 
licrteu 0,37 nut den Merrill Palmer Wciten, die Werte dea zweiten Tests 
der 15 Kinder korrclicrten 0,70 mit den Merrill Palmer Werten Diese 
Korre lationen weisen eine cngeie Obcreinstimmung als zwisdieii den Werten 
irgendeinei andeicn ICinderskaU und eincm voischulpflichtigpn Test auf 
Die du rchscli nittlichen Entwickhingsquotientcn fur diesc Kinder aus 
sch lech ten und abhanigen Fnmilien waren “hoher Durchschnitt” oder 
"tlbcrlcffcn,” was dnmuf bniweist, dasa die Skaia zu Icicht fur Kinder der 
allgcrneinen Bevolkerung scin mag Es gab Andeutungen, dass die Gruppe 
in diesci Untcrsuchung tat3nchhch ubcr dem Durchschnitt fur ihr okono- 
m’lsehes Niveau stand Die Zulanghclikeit der Standardmerung der Skaia 
kana niir durch die Untersu chnng gi ossci und vorstellendcr Gruppc-n von 
kleinen Kindern aus alien Niveaus nachgepruft werden. 

Die Nachteile der Skaia und die Verfaluen fur besondere Tests wciden 
erortert, 

Huhdabd 



THE SOCIAL AND PSYCHOLOGICAL SIGNIFICANCE 
OF GESTURES (A DIFFERENTIAL ANALYSIS)* 

From the Chtcano City Junior Colleges 


Maurice H. Krout 


The first step in the analysis of any problem is a definition of 
terms The most important term, for our purposes, being gesture, 
we shall attempt to define that first From everyday observation 
\vc know that gestures arc quick, sudden movements, and that they 
bear a certain kind of relationship to all other types of movement. 
Merely designating a gestuic as a spontaneous movement is not 
to define it, liowcvci. Evcjy movement begins somewhere, increases 
in intensity (however imperceptibly it may do so), shows a diminu- 
tion of velocity, and either becomes wholly blocked or deviates from 
the original direction and passes into some other type of movement. 

Movement is continuous, and the singling out of gestures is not 
an easy matter, Tentatively, however, wc may agree to define the 
term gesture as a sharp and quick change in the spatial adjustment 
of the organism, beginning with a given postural set, or reduced 
velocity state, at any given time Thus conceived, it may be studied 
with reference to an in tea-organic or extra-organic situation. In 
other words, when a gesture is differentiated from tnovement-in- 
gencral by the emphasis placed on the mode of change in the spatial 
adjustment of the organism, and its relation to a coi responding 
change in the existing situation, it becomes a unit of behavioi which 
may be studied by the methods of objective psychology. 

I. Prenatal Movements 

If gestures may be said to exist as muscle movements, thev may 
also he said to be muscular adjustment patterns They arc found 
in living organisms very soon after the stage of fertilisation, and 
they play an important role in the adjustments of the embrvo A 
recent study by Gonzales (8), based on the prenatal development 
of ovci a thousand rat fetuses, reports typical in tra -uterine move- 

♦Acceplect for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, June 17, 1935 
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ments, starting at the age of 14, and ending at the age of 20, days. 
The movements were recorded by a motion-picture camera directly, 
with stenographic aid, the fetuses being maintained under optimum 
physiological conditions. 

The study of rodents does not give us definite knowledge as to 
the development of the human fetus. Among the phylogenetic dif- 
ferences, differences in gestation penod are probably the most im- 
portant. An equally systematic study of human fetuses is, of course, 
impossible, but some work has already been done to indicate probable 
trends. Minkowski (16) studied human fetuses removed by Caesar- 
ian section at the age of two months. Mouth movements (lowering 
and lifting of chin) appeared as eaily as the third month of pre- 
natal life. By the fifth month the movements were quite definite. 
Theimal, tactile, kinesthetic, and deep piessuie stimuli were found 
to be effective. Combining -the studies of Minkowski with those 
of Bcrsot, Bolaffio, and Artom, covering a total of some 50 human 
fetuses, Coghdl (4) recoided the intra-utenne reactions for fetuses 
of different sizes, 

The studies of human and infra-human fetuses alike have brought 
out the fact that complex behavior is not achieved by the gradual 
summation of separate action units but by the expansion of an 
integrated organism, from which paitial patterns gradually emerge 
to become independent of the organism as a whole. Undei normal 
conditions, the supiemacy of the organism over these partial patterns 
is continuous, and never ceases. Coghill holds that abnormality or 
perversion of behavior consists of an inappropriate degree of inde- 
pendence on the part of one segment of the organism or of one 
type of adjustment mechanism. Indeed, impairment of the nervous 
system, whethei experimental oi pathological, proves this by accen- 
tuating independent functions, and bringing subsidiary mechanisms 
into a position of relative dominance over the entire organism. 

To say that the differentiation of movements is abnormal, how- 
ever, is not to say that the development of specific function by a 
sort of analytic process is necessarily abnormal The differentiation 
of movements from an integrated total movement pattern is indeed 
the most striking finding of those who studied fetal behavior. As 
the integrated pattern expands, individuated movement patterns must 
come into play. Sherrington (20) long ago emphasized the presence 
of separate reflex movements, and Coghill (4) laid stress on the fact 
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that total movements axe piesent at the beginning and that others 
become differentiated from them. But it was left to Kuo (13) to 
explain that differentiation takes place because total responses must 
become reorganized when they fail to meet new conditions, i.e, fail 
to adjust the organism. When intra-uterine conditions become so 
complex that the organism can no longer adj’ust itself on some pre- 
vious, simpler basis, then differentiation, or the creation of new 
behavior units, presents the only way out of the difficulty. 

This, howevei, is a tcmpoiaiy matter. Gonzales (8) points out 
that individuation of action patterns is not achieved through the 
breaking-up of total patterns but by an inhibitory piocess, whereby 
the primal y or basic movements arc arrested and individuated pat- 
terns are lcleascd The total patterns remain latent until, in time 
of recurrent stiess, they may be revoked hv proper stimulation. In 
other words, the organism ictains its ability to act as a unit; so 
much so that even when the simplest individuated leflex pattern is 
in evidence, the total pattern still definitely dominates the movement 
(7) A permanent replacement of total patterns by separate patterns 
occurs only in pathological cases. Normally it is found m cases of 
temporary readjustment, before the realignment of patterns on a 
new basis has taken place. Normally, in any case, separate patterns 
do not dominate but, instead, arc dominated by, the total orgamsmic 
patterns. 


II, Infantile Gestures 

Whatever is characteristic of the fetus is also characteristic of 
the newborn, except that, in the latter, the differentiation of total 
patterns proceeds more rapidly. For differentiation is a function 
of envuonment, and tncicascs in proportion to increased complexity 
of stimulation. 

Most of the differentiated patterns of the neonate can be shown 
to be definite adjustment patterns. Let us take yawning, for example. 
One physiological explanation is that yawning begins with fatigue 
toxins generated in strained muscles, which cause cramplike pains 
(14). A yawn, by forcing blood out of the veins of the neck into 
the general circulation, removes the toxins through the organs of 
elimination. In sleep, neither animals nor human beings yawn, be- 
cause, with the body in a horizontal position and the neck muscles 
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relaxed, the heart can supply one part of the body as easily as 
another. A yawning spasm may, however, grip the individual, 
whether human or sub-human, on awakening. 

Another possible physiological interpretation of yawning ascribes 
this reaction to well-known pressures in the circulatory system itself 
(17). According to this view, yawning is found in fatigued indi- 
viduals because their lower respnatory rate diminishes their oxygen 
intake. To the gaping of the mouth in yawning this theory ascribes 
an evolutionary significance, for fish open their mouths to pass more 
water through the gills, and thus to get more oxygen. This respira- 
tory theory merges into the previous ciiculatory theory, and both 
point in the same general direction 

These interpretations illustrate the adjustive significance of certain 
reflex acts, and indicate that individuated reflexes come into action 
when the organism can not otherwise meet the exigencies of its 
existence. Thus the piocess of differentiation continues through the 
post-natal period very much as it had begun in the picnatal setting 
In the latter the trend of development is from gross totality to 
relative totality, from complete integration to integrated specializa- 
tion. This lemains the gcneial trend of development throughout. 
Gtoss totality is probably never achieved again, and the problem 
of the organism is a problem in integration of differentiated patterns, 
rather than one of summation of patterns to one grand total 

The problem of integration is a problem of consistency of differ- 
entiated movement patterns. This consistency of motor movements 
of animals, as Schwangart (19) has shown in a review of various 
relevant studies, and as Allport and Vernon (2) have recently 
shown in the case of human beings, is chaiacteristically piesent to a 
noteworthy degice In other woids, total organismic patterns are 
present regaidless of the differentiation continuously taking place 
Some degree of inconsistency is, of course, also to be found in the 
behavior patterns of living organisms, for, even where growth is 
normal, previously conditioned patterns continue to manifest them- 
selves without being necessanly representative of the total organ- 
ism — that is to say, without being related to all the conditioned 
patterns acquired in later life or being adaptive to the organism’s 
environment 

It is for this reason that much of the behavioi of the child, and 
especially of the infant, is synkinctic, that is, accompanied by all 
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kinds of accessory or random movements, Physiologists have gen- 
erally ascribed these movements to an overflow of energy as a by- 
product of metabolism, That perhaps explains why these reaction- 
patterns arc as varied as they generally are. It docs not, however, 
explain why most of them gradually disappear, while some of them, 
like tics, aTe often slow in disappearing. The oft-quoted case of 
Preyer (18) is an illustration in point. It deals with a child who, 
having for some time used his hands to relieve an annoying itch, 
continued, after his eczema had healed and disappeared, to scratch 
every time lie met a disagiccahlc situation, Adams (1) repojtcd 
the ease of a seven-year old, who usually sucked lus thumb when 
tired and sleepy (itself an accessory movement), but was noticed 
to do so also when he had failed in some effort The writer has 
observed children giasp and manipulate their genitals when obstructed 
in some task which they had undci taken, oi, when refused some 
request which they had made Ciying is generally a part of this 
adjustment pattern. 

These patterns arc, clearly, vestigial adjustments going back to a 
preceding Stage In the transition from the prenatal to the post- 
natal environment, and from one form of post-natal development 
to anotlici, the infant and the child may continue with differentiated 
patterns of behavior winch had been carried over, without complete 
inhibition, fiom an earlier adjustment stage, In fact, it may be 
stated as a tule that, insofar as these differentiated patterns con tunic, 
the individual is not free from eaily ties In a sense, then, they 
arc a test of the motor achievement of the individual 

IIL The Gfsturfs or a FrRAL Man 

The rapidity with which the individual acquit cs his movement 
patterns, nnd the degree of consistency between them depend, in 
large measure, on the environmental setting in which the individual 
grows up. For it is the environment winch not only conditions 
the formation of new adjustment patterns, but effectually inhibits, 
those which, serviceable in an cailier setting, have since lost their 
adjustment potency 

A human infant generally grows up in a social environment and, 
willy-nilly, becomes an exponent of the cultuial milieu into which 
fie has been bmn and fiom wlurh he ii.is denvcd his postnatal 
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adjustment patterns What of the motor patterns of an infant or 
young child who is deprived of human culture? The answer can 
be based on the known cases of feral man, one of whom — the Wild 
Boy of Aveyron — has come to be especially well known through 
the memoh left by Itard (10). 

For one thing, Itard records that the Wild Boy, whom he had 
named Victoi, was “destitute of all means of communication and 
attached neither expression nor intention to his gestures ox to the 
movements of his body” (10, p 6). When he first came to know 
the Wild Boy, Itard found him manifesting a number of spasmodic 
movements bordering on convulsions Most of the time Victor was 
engaged m ceaseless swaying back and forth “like certain animals 
in the menageiic” (10, p. 4). 

Shortly afterwaids Itaid discovered that Victor was devoid of 
the usual sensory-motoi leflexes. For example, sneezing could at 
first be evoked only after “the most energetic stimulation, and some- 
times by intense emotion” (10, p. 19). Later, Itard records, “the 
least irritation of this oigan [the nose] provoked sneezing, and 
I judged,” he adds, “by the fright that seized him the fiist time it 
happened that this was a new experience to him He immediately 
ran away and threw himself on his bed” (10, p 30). Even so 
common an infantile pattern as sneezing evidently had no place in 
an environment which had not facilitated its use. 

Gradually Itaid succeeded in socializing Victor to the point where 
the boy began to babble. Babbling was gencially accompanied by 
numeious reflex acts, such as coughing, sneezing, and crying, the 
latter particularly being considered by Itard “expedient for the 
simultaneous development of the organs of respiration, voice, and 
speech” (10, p 30). 

Even less understandable automatisms occurred and were recorded 
with the fidelity of the scientist that Itard was When Victoi was 
forced to push or cairy anything, he was as likely as not suddenly 
to abandon it, “though it was neither haid noi heavy,” m order 
“to look at the ends of his fingers which were certainly neither 
bruised nor hurt, after which he would put his hand gently in the 
opening of his waist-coat” (10, pp. 1849). 

Itard’s own explanation was that this “childish play” was a de- 
mand for those “maternal triflings” which call forth “emotional 
responses” in the young, and which Victor presumably was trying 
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to obtain from his preceptoi Tins explanation appears to be only 
partially correct, howevci, for we do not characteristically associate 
all the movements listed with the fondling process The value of 
this and other passages, therefore, must be taken to lie riot so much 
in the interpietations essayed by the writer as in the accuracy of 
Ins obsei vntions depicting the scnsory-motoi development of a child 
in a non-social environment. The interpietations, as now seen, are 
best given in terms of differentiation and integration of action 
patterns. 

Differentiation from a fundamental total pattern presupposes the 
assimilation of diffei entiatcd patterns to the end that the organism 
may act with some degice of consistency That lacking, the differ- 
entiated patterns arc left dangling, that is to say unmtegiatcd into 
the total oiganism, hut, nevertheless, capable of dominating it in 
the strange ways iccoidcd m tins case. The uimicoi pointed patterns 
of the Wild Boy ueie probably patterns which had been conditioned 
in the feral milieu, but were found to be inoic or less useless in 
the new habitat into which lie happened to be drawn. Their iccui- 
rcnce under new conditions simply showed how powerfully they had 
been conditioned, how slow was their extinction in spite of their 
failuie to meet at least the external demands of the environment, 
and how completely the organism might be dominated by vestigial 
patterns in spite of then failuie to bring about adjustment. 

Thus, whether viewed in the picnatal, the neonatal, or m what 
we might term the acultuial, subjecL, the problem of unconventional 
gestures presents itself in much the same way. We find these 
gestures to be unconscious to the subject. We find them to lie 
without meaning to the subject but, in the sense that they relieve 
existing tensions, rather obvious to the onlooker. We find that 
subjects of various species possess gesture patterns, in the stages 
under discussion, which represent movements differentiated, m the 
comse of development, fiom the total orgamsmic pattern, tending 
to become reintegrated into the selfsame pattern. Finally, wc find 
these unconventional gestures to originate in the process of indivi- 
duation demanded by increasingly complex stages of development, 

IV. Conventional Gestures 

In the post-natal development of a human individual the culture 
of his group looms large. Naturally, this means that his post-natal 
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gestures are, to a large extent, culturally conditioned. To say this 
is not to presume that, because certain behavior patterns exist in 
the culture of an individual, those patterns must, of necessity, be- 
come the property of every individual in that culture. Such a pre- 
sumption ivould imply that there is a point-to-point correspondence 
between individual and cultural phenomena No such coirespond- 
ence exists 

Stiictfy speaking;, individual behavior patterns acid institutional 
patterns can not be compared. They can not be compared because 
they presuppose each other and, by various imperceptible wavs, entei 
into each other's makeup. If there is such an entity as a biological 
organism free from cultural influence, we can best sec it in the 
famous Itard case. Aside fiom such anomalies, and excepting vege- 
tating idiots incapable of communication, we do not know what a 
human being might be without cultural influence If there is, on 
the other hand, such an entity as group culture devoid of individual 
participation, we can not tell what it is, except in the esoteric sense 
in which wc speak of culture as a continuity independent of any 
one man’s contribution 

What we do know is that human individuals forever act in terms 
of these inter-personal situations which they have met and to which 
they have somehow reacted The social situations, in turn, wc 
know to be determined by those reaction patterns of others, pre- 
viously manifested and frequently repeated, winch we call institu- 
tional behavior patterns. The scheme of cultural conditioning runs 
somewhat as follows Pre-existing institutional patterns, unavoidable 
for human individuals, and preliminary to each instance of inter- 
personal contact, define, or become verbally conditioned, in the 
presence of human individuals, thus converting a mete aggregation 
of human beings into a social situation, in which individuals act 
in accordance with the verbal interpretation of the existing situation 
Every response in a social situation means conditioning of the indi- 
vidual's behavior-patterns, and is thus the occasion for the formation 
of his personal habits. In this way the culture of the group affects 
individual behavior, but this, it will be noticed, is far from creating 
a point-to-point correspondence between individual bchavioi and 
culture forms. 

As a means to personal organization, in the sense described, the 
cultural milieu is an agency facilitating the formation of the indi- 
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vidunl’s movement patterns Culture, as Saul previously, does not 
impose itself on the individual in the sense that it makes him do 
something Neither docs it literally penetrate Ins skin and become 
part of his organism Culture merely represents the aggregate of 
patterns which most members of a given group actually manifest 
These patterns were once adjustment patterns which grew out of 
individual conflict situations Conventionally standardized gestures 
are one type of cultural pattern In the numerous instances in 
which they are used we shall espy persistent signs of conflict In 
tile forms which they take we shall, lienee, find the carmaiks of 
symbolic adjustment Let us turn to these gestures, 

Dai win (5) was among the first to remark that certain types 
of expressive movement aie to he found the world over, various 
so-called lacial groups showing rcmaikablc similarity, though by no 
means identity, m legard to those movements He called attention 
especially to the shaking of the head as signifying negation and to 
nodding as a mode of affirmation. It is well known that such 
similarity exists in the language-signs of deaf-mutes the world over, 
who, without much difficulty, can undci stand each othei, in spite 
of linguistic differences. 

A gesture is a silent word. Speech and gesture arc of equally 
primitive origin Loth arc subordinate to thought and prior to it 
In spite of the existence of certain oveilapping symbolic forms of 
expression, however, the majority of the language systems and motor 
patterns of the peoples of the world remain as distinct as arc their 
intellectual-oncntation systems The intelligibility of the symbols 
of one group to the members of another is predicated upon the 
transfer of meanings based on those facts, objects, and relations which 
constitute the incduciblc minimum of social intercourse Beyond 
this, a one-to-one correspondence is rare, if not impossible. The 
symbols of trappist monks vowed to silence, the secret signs of the 
Neapolitans of Italy, and of others of a local order, rcpicscnt 
systems which arc one-to-one equivalences of the normal systems of 
speech used in the cultures of these people, and, like the lattci, arc 
largely different from those of any other group 

Many proliferate peoples have gesture languages Some of them, 
like the Kurani of Southeast Australia, have never used it Eth- 
nologists have estimated, however, that there were over 300,000 
Indians who have used sign-languages at one time (9) The Indians 
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had gesture language developed to a point of considerable complexity, 
the Cheyennes alone having elaborated a sign-language of 7000 
symbols (14). These languages involved the use of the arms and 
hands primarily Pointing to an organ often meant to refer to that 
organ symbolically, but sometimes also literally, depending on other 
elements included. By means of their signs, Indians of vastly differ- 
ent tribes have been able to communicate without difficulty, a fact 
of great significance m the history of hath the Indians and the 
Ameiican colonists 

Many and various rtc the forms of symbolic expression and com- 
munication among human beings, The ancients used cryptograms 
and hieroglyphs, Semaphore codes are highly technical and highly 
standardized, though also thoroughly artificial, systems of signs. 
Stock and grain markets use figures, alphabets, and phrases expressed 
through arm and hand gestures, for speed in communication. Ideo- 
graphs and pictographs employed by Indians, vagabonds and yeggmen, 
gypsies, trappers, scouts, and hunters (the latter in marking trails), 
are all well known 

The use of standard gestures in codes, languages, and systems 
of these kinds depends on highly artificial symbolic arrangements, 
the origin of which is relatively easily traced to tlieir historical 
fountainheads. The standardized modes of communication and 
control which cultures of various types possess, those gesture forms 
which are less understood than practiced, less traceable to their 
source than useful in the organized life of human beings, are more 
important for our purposes than are all others, with the possible 
exception of sign languages 

Conventional gestures could be said to comprise other behavior 
forms implied in the teim social etiqnettej such as buttering bread, 
cutting meat (which, in our culture, consists of some twelve oi four- 
teen distinct motor-movements), squeezing lemons, sucking lollypops, 
picking teeth, using handkerchiefs, etc Religious ceremonials in- 
corporate a great many gestural patterns: crossing the hands on 
one’s chest, m Hindu prayer; bringing the hands together before 
one’s face in Christian prayer; or supei imposing the hands in front 
of the abdomen, in the case of Catholic priests Legalistic ceremo- 
nials could be used to demonstrate the same type of gesturing. Illus- 
trations in point arc tipping one’s hat to a flag, or the recently 
developed fascist salute. Professional activity includes a good deal 
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of gcstuimg, witness the movements of the machinist, the musician, 
the file clerk, the singer, the teacher, the medical man Games and 
pastimes certainly demonstrate numerous types of gestures and pos- 
tures, viz., tennis, golf, baseball, disc-throwing, etc. 

V PSEUDO-Co NVBNTIONAL GESTURES 

Perhaps the best proof m favor of the cultural origin of the 
motor movements listed here is the fact that, in our culture and in 
many othcis, there have been men and women who have made the 
reproduction of characteristic gestures their temporary or permanent 
vocation. The Athenian sage, Xanthus, who had studied the art 
of public speaking and taught it to others, also had rules of delivery 
which had reference to gestures These gestures, of coui sc, were 
standardized movements which were presumed to effect certain re- 
sponses in the audience 

Xanthus' advice as to moderation and grace in gesture indicates 
of course the probability of common cultural background in audience 
and speaker In addition to this, the production of these pseudo- 
£ 07 we 7 itwnal gestures seems to be contingent on two individual 
factors, fust, the ability to introject and reproduce the attitudes and 
habits of those who arc being mimicked, and, second, an anticipatory 
posture based on past observation and referring to the probable 
response of the onlooker. Artists of the stage and screen, of course, 
represent this calling at its best. However, we find the hardened 
criminal “acting” the innocent lamb, the murderer of an important 
public official “acting” the martyr, the self-confessed hero posing for 
newspapermen, the grafting politician smiling benevolently upon his 
audience, etc. These posed, or pseudo-conventional, gestures are 
marginal to the other gestures, determined by the cultural setting 
in the normal processes of social life, but they, too, are important. 

Of course, the success of one's posings, m these cases — and this 
applies to stock actors as well as to “amateurs” — depends on the 
correctness and completeness of the observations made. Recently, 
for example, a certain moving- picture actress posed for a newspaper, 
demonstrating what she considered to be characteristic leg postures 
of women, and attempted to verbalize theii meaning Since the 
gestures with which she was concerned were not — through cultural 
patterning — recognized by all the members of the group, her demon- 
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strations could neither be contravertcd nor accepted. The fact that 
tiie actress had to demonstrate and label the gestures proved the 
lack of conventional acceptance of their symbolic connotations. In- 
sofar as the verification of the gestures through the previous con- 
ditioning of the hypothetical average citizen seemed questionable, 
her attempt fell short of accomplishing its purpose as interpretative 
dancing. 

Somewhat different are the “talking hand” gestures of the Hindu 
dancer, Menaka, who has recently received considerable publicity, 
This dancer purports to introduce to Westerners the ancient, classical 
dances of old India, which she terms nrtya dances, Menaka has 
stated that her hand movements are not merely accompaniments to 
the beating of drums, “but visual poetry in which every posture 
of the hand has dramatic and definite significance ” These hand 
gestures aie adapted to the understanding of the natives of India, 
though not that of Hindus who have lost contact with their ancient 
religious dances, and thus can no longer “penetrate into the symbolic 
meanings of her movements ” 

“In India,” Menaka says, “every nautch girl who would dance 
as many generations of her people have danced before her, is to 
learn a veritable dictionary of gestures. There are thousands of 
them, and every one means something definite and different, just 
ns the letters of the alphabet arranged ijj words do ” To Men ■aka 
herself there are no less than twenty meanings expressed by the 
extended fingers of the closed hand alone “These meanings,” she 
says, “are conveyed by the manner in which the hand is held, or 
moved, and by comparing each position with preceding and follow- 
ing positions .” 1 

The fmpQttant fact, for our purposes, is that this hand-talking 
is not casual and is understood, or presumably understood, by the 
dancer’s audience. She feels that she is not a prima ballerina, in- 
venting esthetic configurations for entertainment purposes, but, as 
she says, a “medium of expression ” This type of dancing evidently 
is different from that of the dancer previously mentioned, who does 
not concede cultural significance to the postures she enacts, but, 

The references to Menaka aie quoted, by permission, from the American 
Weekly, Inc, of July 22, 1934, 
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rather, claims special insight and achievement in her discovery. Both 
this and the other type of dancing, however, may be placed under 
the general classification of pseudo-conventional gestures. 

The pseudo-conventional gesture is thus learned in specific per- 
sonal situations It is vividly conscious to the actor, and undoubt- 
edly has meaning to him It is, furthermore, supposedly understood 
by the observer, though whether it actually is or not depends on 
the ability of the actor to anticipate the 1 espouses of others This 
gesture is similar to that produced by special types of cultural 
situations, and, as such, may be regarded as at least temporarily 
integrated into a total personality structure The origin of pseudo- 
conventional gestures lies in the process of vicarious adjustment to 
difficult personal pioblems often symbolized m such a way as to 
obscure the motivation involved. 

VI The Meaning of Conventional Gfstures 

If ivoids are auditory pictures, gestures arc visual sounds. Visual- 
sound patterns arc not determined in the same way as ordinary 
institutional patterns. Herbert Spencer has shown that, before 
sacred and secular lcgulations arose, there had been those vague 
foims of social control which he called “ceremonial," and which, even 
after the rise of ecclesiastical and political authority, continued to 
shape and direct human conduct “The earliest kind of government, 
the most gcneial kind of government, and the government which is 
spontaneously recommencing, is the government of ceremonial observ- 
ance,” said Spencer (21) Ceremonial observance Spencer attributed 
not to authority, which itself would presuppose organization of some 
kind, hut to the modification of acts, as he says, “performed for 
peisonal ends,” For example, the Tasmanians, devoid of govern- 
ment, except that implied m leadership in time of war, and 
Esquimaux, who do not have anything like chieftainships, have 
definite techniques for symbolizing prcfciences, defiance, propitiation, 
and othci types of inter-personal adjustment. 

Gi mips begin with certain total patterns — that is to say, with 
certain consistent schemes of intci -individual adjustment Gradually 
there spung up various gestuies which are not consistent with the 
major, pi evading, patterns of the group So pervasive are these 
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gestures, ns Spencer pointed out, that even total patterns, like 
ecclesiastical and governmental institutions, do not supplant, though 
they sometimes absorb, these gestures or “ceremonials” The con- 
ventional gestures which we have been discussing are thus left-over 
adjustment techniques which persist in spite of the total patterns 
evolved by the group. In this way they parallel the vestigial patterns 
found in the early stages of individual development 

Spencer’s theory, as thus interpreted, does not give us any cues 
to the mechanics of differentiation That is to say, it does not 
explain how the total social patterns become differentiated into par- 
tial patterns which linger in social life because they find applicability 
m conflict situation? in which individuals fall back on older methods 
of adjustment. Dashicll (6) has offered a plausible analysis of 
the mechanics of diffeientiation in social patterns, 

Whenever an impulse of an individual, he says, becomes obstructed 
by the act of another individual, so that the individual can not 
fieely operate, the response of the first individual must be an abridged 
one. In other words, the total pattern can not operate at all where 
it can not operate effectively, and differentiation is indicated. The 
other individual, having learned to interpret the perceived reaction, 
readjusts his behavior, thus making it possible for the first individual 
to fixate the partial response as an adequate adjustment for all similar 
future situations. 

Spencer has shown that partial patterns exist alongside total group 
patterns, and continue to function for a long time, automatically 
renewing themselves, and evidently unaffected even by such powerful 
trends toward integration as modern institutional forms have intro- 
duced. Dashiell and others have reinforced Spencer’s position by 
showing that partial patterns — that is to say, conventional gestures — 
are conditioned in conflict situations, in which the function of the 
entire pattern is impossible If the history of the original situation 
m which the differentiation of the total pattern occurred could be 
traced in the case of each gesture, we might have a natural history 
of conventional gestures for each culture group The development 
of the soldier’s salute might serve as an illustration The process 
in this case appears to have been as follows: 
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Being struck down 


Prostration (falling, face down) 
J 


Croucbjng 


Genuflection 


‘Curtseying" 


Bowing 

I 


Nodding head 


Lifting hnt 


Xipping liat 


'Pouching hut 


Soldier’s salute 
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The reasonableness of this analysis is confirmed by the officer’s 
return salute, often in the foim of a mere raising of the hand, which 
means* Rise I 2 It may be argued that this does not represent a 
developmental account, m that the ‘Stages” are relative to diftcient 
situations But that is precisely the point. There is a gradual 
abbreviation of the original response, changing with the change in 
the situation demanding adjustment, foi each of the “stages” given 
had grown out of a different type of social situation. So ditfei ent 
are the successive situations here that less and less of the oiiginal 
situation comes to be symbolized in the gestural response. This 
then confirms the viewpoint adopted by us in legard to the vestigial 
nature of the gestures. 

The function of the conventional gesture is economy of effort, 
since it always takes the place of another, more extended, form of 
response The symbolic reference of this type of gesture is not so 
ohscuic that it can not be traced Given adequate icsourccs, in the 
way of historico-cultural material, we can infer the original situa- 
tions which had called the gesture forth 

Conventional gestures, including gesture languages, symbolic codes, 
customary and institutional patterns, are evidently acquired by the 
individual in the process of acculturation. They arc conscious or 
semiconscious (that is, easily capable of becoming conscious) to the 
subject, and always have some meaning (in terms of aim 01 direction) 
to him. They are similar to the gestures of other subjects in the 
same cultural situation, and are thus specialized forms of adjustment, 
relative to the entire social structure of the group Conventional 
gestuies apparently have originated in the processes of social conflict 
and accommodation to a more intensive form of cultuial existence. 

Because conventional gestures are directly perceived, recognized, 
and understood, they diffci from all other types of gestures They 
aie social gestures, in a somewhat exclusive sense, since their sequels 
are always clearly foreseen by both actoi and observer, and behavior 
following them obviously implies their existence. Because they 
possess high utility in the field of inter-stimulation and response, 


lArmy men arc taught that the salute is a mode of address which 
originated in the age of knighthood when the visor was lifted in the 
presence of a friend While the essence of our intci pretation is not 
affected by this approach, yet the analysis here employed appears to the 
writer more fundamental. 
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conventional gestuics have great survival value, and represent some 
of the most stable of gestural responses 

VII The Problem of Autistic Gestures 

It is well known that human individuals sometimes manifest 
gestural behavior which seems to have no definite meaning either 
for the subject or for the individual to whom the subject is re- 
sponding; At least, in terms of what precedes it we can not trace 
the stimulus, and, in terms of what follows it, we can not determine 
the ducction of this tvpe of behavior, Fmther, wc know that it 
has no evident adjustment value, and that it is unlike all other tvpcs 
of gestural patterns 

The same Xanthus who had recommended certain expressive 
movements m public speaking also recommended that speakers elim- 
inate “certain imperfections” due to faulty training. Among the 
various imperfections he sought to eliminate were “useless gestures,” 
which he defined as “gestures not required by the phrase, 15 viz , “All 
vulgar gestuics , such as tin owing the folds of the toga over 
the back or lifting them as high as the shouldei,” “the hands on 
the hips, the fists in fiont, the hands ciosscd on the abdomen” All 
these, he said, were “indications of negligence and should never be 
pei milted ” 

During a icccnt presidential campaign the wife of one of the 
candidates was picsent when someone delivered an address extolling 
hci husband's virtues A newspaper reporter thus described her 
behavior, as seen off-stage: 

Mr9 Y did not say one word during the speech She didn't 
make one motion, save, occasionally, to open and close her fan, 
and once to fix her black hair, with that mechanical gesture 
which women use when they arc thinking of something else 
And when the words (name of her husband) closed the speech 
and started the tumult, all that Mrs, Y did was to shift in her 
chair and smooth the already smooth fold of her blue gown 

A woman, accused of murder but denying her guilt, was inter- 
viewed by a newspaper-reporter who later wrote up the interview 
in this way: 

When asked point blank whether she knew the murderer, she 
hesitated, placed her hands to her forehead, and also at times 
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covered her eyes, but — after a few seconds — she repeatedly said 
she did not know the murderer 

A foimer president of the United States was reluctant to announce 
himself publicly on the candidacy of a certain nominee of his party. 
When he finally decided to emerge from obscurity to deliver an 
address in behalf of his party, he spoke calmly and earnestly 0 f 
the achievements of the party, and when lie reached the point at 
which he was to introduce Mr. Z., the nominee, he began: “The 
onlv man oualificd for the high office is Mr Z.,” at which point, 
as the movie close-up showed it, he quickly withdrew his handker- 
chief from a back-pocket, and blew his nose heartily, if not becom- 
ingly. As he continued, the following irrelevancies came into view. 
"What is best for our country,” he said, and cleared his throat 
three times; then, “The issue that has come into’ this campaign,” 
at which time he stopped to clear his thioat two times, then, in 
similar fashion, on reaching the phrase “intelligent voting” he cleared 
his throat once. When he pronounced the phrase “have been re- 
vealed” he swallowed hard, and when he pleaded with the audience 
“to support Mr. Z for re-election” he gasped visibly. 

It is not always that these gestures come in such brief, compara- 
tively simple, automatisms. Often they may be observed in series 
of various types. Here are two records of observations recently 
made. A street car conductor calling a certain street is seen going 
through the following movements: 

1. Strokes chin sideways with open palm 

2 Shuts lips with finger 

3 Wipes nose with finger 

The time intervals between the gestures were approximately in 
the proportion of 3 3*1 

A man observed on the street car dozes off, and every five minutes 
wakens with a start. The gestures observed, over a ten-minute 
period, are as follows . 

1 Places two fingers into closed fiat 
2. Withdraws fingers 
3 Replaces the two fingers in the fist 

4. Places three fingers in the fist 

5, Twists fist and fingers continuously 
6 Withdraws the three fingers 
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7 Places two fingers in the fist 
8. Quiet for a time, dozes off 
9 Opens fist and adds third finger 

10. Twists fist and fingers continuously 

11. Withdraws three fingers 

12. Places two fingers in the fiat 

13 Dozes off with two fingers inserted 

14. Lets fingers slowly slide out of the fist 

15. Wakens, nnd intertwines fingers of both hands 

The observation discloses a certain tendency to rhythm in be- 
havior, which is of interest to us We note that the individual 
apparently distinguishes between the "two-fingcrs-in-thc-fist” move- 
ment and the ll thrcc-fingcls-in-thc-fist ,, movement, since he behaves 
differently after the one from the way in which he behaves following 
the other. Simply put, "two fingers” lead to a temporary inhibition 
of movement, while "three fingers” definitely lead to a variety of 
uncoordinated movements. 

To some extent, of course, this behavior may be likened to the 
behavior of a child, who, when alone, carries on a conversation, 
signalling to himself, grimacing, making manual movements, chuck- 
ling, whimpering, and othciwisc showing the possibility of responding 
to intraorganic stimuli But the child's gestures are understandable. 
They are patterns which gam their meaning from the artificial situa- 
tion he has created for himself and the conventional references of 
his responses The gestures here illustrated, however, can not be 
explained in terms of an existing situation or by reference to con- 
ventional patterns. 

Now these gestures are not merely of the self-directed, egotic, 
as against the ego-altcr, type of behavior. They arc not implicit 
responses, evidently, since they do take place overtly, yet they arc 
not the kind of explicit responses that result from extra-organic 
stimulation. What we are evidently dealing with here is a type of 
behavior whose chief characteristic is explicit response on the basis 
of an internal stimulus pattern. If there is meaning in this be- 
havior, it is because the individual alternately carries on a conver- 
sation with himself and with a conversationalist. Eugene O’Neill’s 
attempt to present, in his Strange Interlude, individuals who con- 
verse alternately with othcis and with themselves is an important 
psychological venture; except that it disregards the obvious fact that 
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much of what we "say” to our selves (much of oui internal life) 
is not vocal, 01 even vcibak, but so in esthetic or musculai In other 
words, much of our self-dnected behavior is neither verbal nor 
verbalizable, The gestures here under discussion pioyc the import- 
ance of O’Neill’s oversight. 

When the chief object of our behavior is communication with 
ourselves, we may he said to behave autistically Bieuler ( 3 ), 
who originated the teun "autistic thinking,” speaks of it as a form 
of thinking in which the individual’s attention is temporarily with- 
dtawn fiom the external situation, thus making it nccessaiy for the 
individual to expiess himself more in terms of internal stimulation 
When an individual, inhibiting his direct response to an external 
situation, responds to subsequent internal stimulation explicitly , we 
have what ivc may tall autistic gestures. Thus defined, they differ 
not only fiom the reflex movements of the infant and the well- 
established conventional responses, but even, in certain respects, fiom 
the responses of the child 01 the adult talking to himself. None 
of these is characterized by the sequence (tf) extraoiganic stimulation 
( b ) inhibited overt response to extraorganic situation (c) mtra- 
orgnnic stimulation and, finally, (d) explicit i espouse that is not 
evidently directed to the extraorganic situation from which the 
original stimulation had been deiived. 

These gestures, which we have termed autistic (or sclf-dn ected), 
ditTer fiom all other types of expiessive movement — from prenatal 
movements, from infantile gestuies, from abnormal tics and postures 
of neurotics and psychotics ( 11 ) This is not to say that autistic 
gestures differ fiom all these qualitatively, for they do have ceitain 
features in common with all other tvpcs of gestures and, indeed, 
with all types of movement. It might be an aid to clarity, however, 
if we were to build up a differential scheme in which the autistic- 
gesture group could be at once compared to and distinguished from 
all other types of gestures 

Such a schema may be constructed with the aid of four major 
headings, viz , non-social movements, conventional gestures, pseudo- 
conventional gestures, and autistic gestures These in turn arc classi- 
fied, for compaiative pui poses, with reference to the following sub- 
divisions, viz , mode of conditioning, conscious or non-conscious 
behavior pattern, meaningfulness or meaninglessness to subject (oi 
actoi), ni earn ngf ulness or meaninglessness to observer, similarity or 
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TABLE 1 


Non-socitil Conventional Pseudo-conventional Autistic 


(Pienatal, con- 
genital, animal, 
infantile, a nd 
acultural move- 
ments) 


(Gesture Inn- (Artistic, affected, (Occasional, self- 
guages, symbolic and other socially directed symbolic 
Lodes, customary directed move- movements, occur- 
and institutional ments) ring in social 

forms) situations) 


1. Learned pie- 1. Learned on 1. Learned in ape- 1. Acquired in 

natally or ac- post-natal level, cial social aitua- personal conllict 

tjuired through in gradual social lions situations 

maturation contact 


2 Non-consclous 2 Conscious or 
to subject semiconscious to 

subject. 


3 Meaningless to 3 Directly or 

subject symbolic ally 

meaningful to 
subject, 

4 More or less 4 Generally un- 

understood by ob- derstaod by ob- 
server server in similar 

cultural Betting, 

5 Similar to those S, Similar to those 

of other subjects of other subjects 
of the same spe- of the same cul- 
ciea. uiral setting 


6 Differentiated ^Specialized 
from total organ- forms of adjust- 
ismic pattern in nient developed in 
normal course of the course of 
development, hut growth of body 
reintegrated into politic, but rela- 
total pattern tive to entire so- 
cial structure 


2 Vividly conscious 2 Non-consciouB, 

to subject repressed, so far 

ns subject is con- 
cerned 

3 Directly or sym- 3 Meaningless to 
bolically meaning- subject. 

ful to subject 


4 Supposedly un- 4, Generally un- 
derstood by observ- possible to ex- 
er in similar cul- plain by observer 
tural setting 

5 Similar to those 5 Unlike those of 
of certain special others in the snme 
types in n given cultural setting, 
cultural setting. and of the same 

subject under va- 
rying conditions * 

6 Specialized pscu- 6. Vestigial ad- 
do-conventional and justment patterns 
pseudo-ch aractenal unnssimilnble to 
behavior forms, at total personality 
least temporarily 

integrated into a 
total personality 
structure 


7 Originate in 7. Originate in 7 Originate in the 7. Originate in 
the process of in- process of social process of vicarious frustrated adjust- 
dividuation de- conflict and nc- adjustment to diffi- ments to personal 
manded by more commodatinn to a cult personal prob- conllict situations 
complex growth more intensive lcms in social life 
conditions cultural existence 

"It may be that there is only a quantitative distinction between autistic 
gestures, the tiC9 of neurotics, and the stereotypies of psychotics This 
point, at -my rate, seems to suggest an important diffei enlisting charac- 
teristic, qualitative in nature, for tics and stereotyped movements appear 
to be similar under different conditions 
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dissimilarity in comparison to patterns of othci subjects; relation 
to total pattern from 'which they had become differentiated, and 
theory of origin, Such a classification, at once comparing and dif- 
ferentiating autistic gestures, states the problem psychologically, and 
unifies the threads of our analysis up to this point. 

VIII. Tub Fundamental Nature of Autistic Gestures 

When it responds at all, the human organism, like all living 
organisms, responds as a whole. By saying this we mean that, 
normally, the organism’s responses involve at once the skeletal, the 
visceral, and (because speech is fundamental to human life), the 
laryngeal muscle systems A given organism ic adjustment, however, 
may be dominated at a given time by the skeletal (motor), visceral 
(organic), or laryngeal (implicitly or explicitly verbal) system of 
the otgamsm Total organismic patterns may break up into indb 
viduated patterns for purposes of moie adequate adjustment; but 
the break-up, or differentiation, is merely relative and not absolute, 
The organism retains its capacity for total response, even if, at a 
given time, its responses may be organized on the motor, organic, 
or verbal level primarily. When acting on one of these levels, the 
organism is not disintegrated (as it may become in pathological 
cases where the domination of one level of adjustment becomes 
permanent), but merely integrated in a special way. 

T3ie gestures here under discussion are instances of organismic 
integration wherein ceitain cues may arouse organic changes or 
motor action which, only with certain, refined procedures, can be- 
come defined in verbal terms. To say this is to dispose of futile 
questions as to whether gestures may be “purely physical” as well 
as “mental,” The organism acts as a unit, and not alternately as 
a physical or mental entity. Furthermore, it acts as a unit com 
tinuously, i e , even when it is dominated (normally) by one of 
its reaction systems. Thus there can be no activity which might 
properly be called irrelevant. All behavior is a function, first, of 
the organismic integration of the moment, and, second, of the 
situational stimuli involved 

As previously stated, we have labeled responses with which we 
are now concerned autistic, because they do not seem to have direct 
reference to extiaorganic situations. Their nature, however, can 
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not be explained by the operation of physical as against mental forces 
but on the assumption that there is a shifting of the organismic 
integiation from the verbal to the motor or visceral levels This 
shifting always presupposes inhibition of verbal components in the 
response and the consequent existence of wlmt is known as the 
'‘abstracted state.” 

The findings in studies which we have made recently indicate 
that autistic gestures are non-conscious responses (that is, i espouses 
in which there is no total organismic integration) which arc ordin- 
arily modified by an attempt at verbal definition (12). When a 
total integration is present, as in conscious inhibition, autistic ges- 
tures arc reduced to a minimum, and thus either become diffused 
and scarcely recognizable, or else lead to surrogate responses, such 
as verbal behavior, conventional gestures, frozen gestures (postures), 
or another type of autistic gesture replacing those inhibited by 
cortical interference An illustration of this replacement was ob- 
tained from one of our subjects who reported that he had responded 
to the stimuli verbally (critically) before responding to them ges- 
turally, and that his gestures therefore seemed to follow previous 
implicit responses to external stimuli The difficulty here evidently 
explains the lack of success on the part of some subjects in certain 
of our preliminary experiments By inhibiting consciously the re- 
sponses to the stimuli, they obtained secondary (or indirect) responses 
in place of the primary gestural responses that might have appeared, 

Our experimental mass studies, intensive individual studies, and 
hypnotic- trance studies have shown that autistic gestures are rela- 
tively consistent behavior phenomena (12), But in speaking of 
consistency we must remember that, in the case of these gestures at 
any rate, we mean similarity of primary (or direct) gestures appear- 
ing in the abstracted state. The reason for this consistency needs 
explaining. One explanation obviously lies in the consistency of 
organ or organ-system involved The latter is evidently also an 
index of the nature of repression and one of the cues that we have 
to gesture interpretation How do certain organs become associated 
with certain types of symbolic movement? The answer could be 
given either in negative terms, i.e., in terms of factors which pre- 
vent too wide a spread of gestural expression, or in positive terms, 
i e,, in terms of the conditioning of certain types of organ systems. 
We shall answer the question in terms which arc largely positive 
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We know that, in a conversion phenomenon, such as paralysis, 
a low-tension area (aim or leg) becomes stabilized through some 
drastic inhibition induced by a conflict situation The reason that 
a certain organ becomes a low-tension area is that it happens to fit 
into a behavior system winch offers release through the channel of 
that oigan or organ system. Since the behavior system becomes 
conditioned together with the organ system on which it depends, it 
is clear that the process of conditioning contains the explanation 
which we are seeking. Occupational employments offer suitable 
material for illustration. The organs involved in the person’s occu- 
pation may also be involved in the conflicts of the individual, and 
since the movements, expressive of certain types of vocational adjust- 
ment, reptesent patterns which had become rigidly conditioned in 
the individual concerned, we find even autistic gestures following 
these pre-established routes Hence, a carpenter or tailor may be 
expected to gesture most usually with the hands, while a flutist or 
saxophonist may be expected to use facial or oial gestures most 
frequently, 

It would seem that there arc other than occupational factors on 
which gesture patterns may be said to be contingent The basic 
limitations imposed by what we may teim stj uctural (anatomical) 
conveniences, that is the greater suitability of one set of organs, 
rather than of another, to a particular type of symbolic message, 
can hardly be overlooked. If lacking the leg, for example, repre- 
sents rejection in a given case, the leg is surely a more convenient 
means to the end, because of conditionings associated with leg action , 
than smacking the lips would be 

However, the habit patterns of the individual are more influential 
than are mere structural conveniences. This is evident not only 
from our final statement in the paragraph preceding, but even more 
from the fact that some exceedingly uncommon, and even incon- 
venient, postures and gestures are sometimes manifested by individuals 
seeking symbolic expiession Hence, it would appear that condi- 
tioned patterns, whether anatomically reasonable or anatomically 
unreasonable, may be employed for the relief, if only in symbolic 
form, of an existing organismic tension. 

If the involvement of ceitain organ systems in given types of ges- 
tural behavior can be explained tlnough the conditioned patterns of 
the individual, gestuie inteipretation ought not to be the difficult 
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matter that it is The reason that mcielv knowing the major habit 
patterns of the individual docs not yet give us what is needed for 
the interpretation of gcstuial behavior is that a knowledge of the 
habit pattern of the individual meiely explains why he tends to re- 
sort to one, rather than another, general type of organ gesturing 
Autistic gestures, as we have pieviously shown, originate in the con- 
flict of habit patterns to which we must turn in ordci to achieve 
inteipietation. Meiely knowing that conflicts lurk back of the ges- 
tures is insufficient, howevei, for competent inteipietation of a given 
instance of gesturing We must have a situational cue temporally 
connected with the gestme, as well as a primal y gesture which 
appealed in the abstracted state, before we can begin to seek inter- 
pretation 

IX, Summary 

1 A gesture is defined as a sharp and quick change from a given 
postal al set or reduced-velocity state, producing a change in the 
spatial adjustment of the organism 

2 In the embryonic organism there is found a differentiation of 
new movement patterns from total oigamsmic patterns, in which the 
new behavior units normally retain then relationship to the total 
patterns and continue under their dominance These differentiated 
patterns cany over into the post-natal stage in the farm of “random 
movements ” 

3, Certain caily post-natal reflexes not integrated into the total 
movement patterns of the infant may be tegarded as vestigial adjust- 
ments continuous with the prenatal movement patterns. These re- 
flexes constitute the basis of the conventional and autistic gestures of 
later life. 

4. The gestures of a feral man confitm the hypothesis that differ- 
entiation of movement patterns is relative to total patterns m any 
given stage, but many continue as vestigial remains, even in the later 
post-natal stage, without reference to the total integration at that 
time 

5 Conventional gestures aie differentiated movement patterns 
which are socially conditioned togcthci with verbal equivalents giving 
them a certain aibitrary expediency as adjustment mechanisms They 
are directly perceived, and then sequels aie clearly foreseen by both 
actor and observer 
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6 Pseudo-conventional gestures, so named, are a form of condi- 
tioned bchavioi employed for non-vcibal communication of standard 
meanings in artificially created situations. They are therefore a 
species of conventional gesturing, 

7 Autistic gestures, so named, aie vestigial responses which are 
seemingly irrelevant to the situations in which they occur, evidently 
directed to the actor himself (hence, autistic), and not verbally 
defined either by actor or observer 

8. Autistic gestuies arc easily modified by attempts at veibal defi- 
nition, and thus can be observed most typically in the “abstracted 
state,” in which verbal components are inhibited 

9. Stiuctuial (anatomical) “conveniences," the habit patterns of 
the individual, and situational cues determine the specific type of 
movement pattern which a given gesture represents 

10 The ultimate source of gestural meaning lies in tho conflict of 
habit patterns and the response to a pre-existing situation which be- 
came inhibited in the resolution of the conflict 
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UNE ANALYSE DIFFfiRENTIELLE DU CHAMP DES GESTES 

(Resume) 

On pent definir les gestes comint dcs changements brusques ct rapides 
dans 1'adaptntion spatiale d’utt organlsmc Les ficstca ici considcres sont 
pris dans le champ du comporteincnt prenatal, cl it comportement d'un hoimnc 
aauvage, du eompoitement pseudo-conventionnel des actours, des oratcurs 
publics, des dnnseurs, etc , ct enhn, dans ce champ neghg£ dcs mouvements 
symholiques ici nomm6s gestes aututnjues On dccrit ceux-u coimne r6- 
ponses non-conscicntes, n’ayant auenne relation, parait-il, avee la situation 
oil l Is sc trouvent, ct dvidcnnnent dinges A Findividu Un-mimc (done, 
fliimtKjiics) On tte pent fine .mctuit Imrie de demarcation bicn defrme 
entre les gestes autistiques et les nuties types dc gestes, enr tous les gtstca 
ont dc certames 9imilnritds en coinmun, II y n d’ailloura de certains fac- 
teurs diflrci enticls, qm plnccnt les gestes nutistiqucs dans line classc specialc 
Ces gestes, comme montre par quclques-unca dcs experiences dc 1’auteur, 
tiouvent leur origine dans les conilits des formes des habitudes Pour les 
interpreter, cependant, il n’est pas sufllsant seulcineiU de s avoir quo des 
conilits se tiouvent avant ces gestes. II faut avoir un rtp^re de situation, h6 
tempoicllement au gestc, avant de cmnmcncer a chercher L'interpretation 
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eine dipferentialanalyse des gebietes der gesten 

(Referat) 

Die Gesten duriten ala schartc, schnelle Veranderungen in der raumlichen 
Anpas9ung des Orgamarmis defimert werden. Die hier betrnchteten Gesten 
we r den ana dem Gebiet des Vgrh aliens vor der Gcburt, des Verhaltcns 
eines wildcn Mannes, dea konvcntionellen Verhaltens normalei Menschen, 
dea pgeudokonventionellcn Veihaltcns von Schauspielern, oflfonthchen Red* 
nern, Tnnzcrn, usw , und schhcsshch aus jcnem vcrnachlassigten Gebiet der 
symbol isclicn Bewegungen, die hier a Is aulistiche Gesten bezeichnet werden, 
ansgelcsen Die letzteren werden ah mehtbewusste Reaktionen bescluieben, 
die stheinbar belanglos fur die Situation smd, m der sie voikommen, und 
die scheinbfir gegen das Inclmduura sethst (daher autistisch) gerichtet 
werden Keme schaife Lime del Abgren/ung zwischcn autiatischen und 
nndcren Aiten von Ge9ten kann gezogen werdeh, denn alle Gesten haben 
gewisse Ahnlichkeiten gemcmaam Es gibt aber gewisse Diffei entialfak- 
toren, die die autistischen Gesten in t-inc besondeie Klassc atellen Diese 
Gesten, wic cimge der Experiment des Amors gczeigt haben, nehmen lhren 
Ursprung in den Konfliktcn der Gewohnheitsgebilde Das blosse Whsen, 
class die Konflikte diesen Gesten vornngingen, ist aber unbedeutsam fur 
ihre Deutung Wir mussen einen Situationsfingcrzeig haben, der mit der 
Gebarde zeitlich verbunden 1st, ehe wir anfangen, nach der Deutung zu 
suchen. 


KrOUT 



INSTRUMENTAL REPRODUCTION OF MELODY BY 
PRESCHOOL CHILDREN* 

From the Depailment of Psychology, University of Michigan 
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The original pm pose of this study was to dctciminc the extent 
to which pitch disci imination of diatonic intervals could be co- 
oidmated with simple motor habits rn melodic reproduction by young 
children The natuie of the caily results, however, rapidly turned 
it into a mote gcneial experiment in musical training Though they 
offer too few quantitative data for detailed statistical tiealment, the 
results aie picsented for their value in suggesting a numbei of future 
experimental possibilities They likewise piovide an interesting 
comparison to the numerous studies on vocal performance in the 
young child Genetic studies of music among children are almost 
exclusively icstrictcd to this latter medium. Thus the results of 
Werner (16), Brehmer (1), NesteJc (11), Hissem (6), Jersild 
(8), and othcis, are based on vocal production or vocal lepioduction 
of tones or melodies Rupp (15) and Revesz (13) used both voice 
and instruments, but their subjects were in general older than the 
preschool age There is no question, of course, that vocal per- 
formance appears very early as a potential step in musical behavior. 
Indeed, if the Spencer tbcoiy of the origin of music from sdcccIi 
be accepted, then any of the early vocalizing patterns must be re- 
garded as germinal melodies, There is, however, definite evidence 
that speech as a utility is very carlv sepauted from the child’s con- 
cept of music. In this experiment, as in Brehmer's, the average 
child usually went to the extieme of excluding singing proper from 
his idea of music The song was "music” if played on an instrument 
either sepaiately oi in accompaniment, without the instrument, it 
was not "music,” but meicly ‘‘singing” l That singing may he the 
most natuial and effective way of approaching musical training is 
probably not to.be questioned. The primitive "circular response” 
nature of the aural-oral relationship, both structurally and func- 

*Acceptcd for publUation by Carl Murchison of the Editonal Board and 
received in the Editorial Office, March 22, 1935 
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tionally, seems well agreed upon. Rhythm, likewise, both spon- 
taneous and imitative, occurs very early, as demonstrated by the 
authm's experiments with percussion instruments (2). The picscnt 
study is the first of a systematic series to investigate the less known 
domain of atiditoi y-manual cooidination From a psychological 
viewpoint, it undertakes to 1 elate the known manual (digital) capa- 
cities, the known imitative tendencies, and the aural perception span 
of the preschool child to musical action. It has to do not merely 
with "listening” or "receptive” responses, nor with discrete "tests” 
of isolated sensory capacities, but rathei with the perception, reten- 
tion, and execution of musics most elementary unit, melodic pattern 
The simplest melody is, however, far from a simple "gestalt.” Its 
perception piesupposes the moic basic factors of pitch discrimination, 
direction, and "distance” or interval between successive units If 
it is a tiuly musical pattern, rather than a chance succession of 
tones, it is at once likely to involve all the complications of harmonic 
relationship or "tonality,” although whether such feeling is estab- 
lished in so young a child is not yet known That such dynamic 
factors as motivation, emotion, matui ation level, etc., are also in- 
cluded is quite obvious. The expci imcntal situation, therefore, ex- 
cept foi its extreme musical simplicity, seems analogous to the situa- 
tions in later ti anting, which despite all substitute cffoits remain 
the one infallible test of musical talent 
The first part of the work was done in a private nuisery school 
run on standard Men ill Palmer daily loutme. A piofcssionnl in- 
structor in wind instruments acted as experimental assistant. The 
subjects weie 16 child ten, eight of each sex, between 3)4 and 4)4 
years of age They weie selected on the basis of close chrono- 
logical age, and close "mental” age as indicated by the Gesell and 
Stutsman norms. Then high social status was relatively homo- 
geneous, the parents lepiesenting almost entn ely the learned pro- 
fessions On the other hand, the musical backgiound vaued con- 
siderably from two homes with little oi no musical atmosphere to 
those in which one or both paients weie highly trained as pci formers 
The instrument used in the experiment was tile common tin fife, 
retailing at 75 cents, and consisting of six holes which by manipu- 
lation produce the complete scale of C-major thiough seveial octaves 
in not too pool a tonal quality, It was selected for seveial reasons 
its small size and ease in handling, its inexpensive natuie foi class 
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supply, the relative simplicity of its tone, the simplicity (and to 
most children the novelty) of its technique We desired especially 
to avoid the mechanically determined pitches of the keyboard m- 
stiumcnts With the fife, it is possible to get several cliff cient tones 
with the same fingenng or combinations of lingering, by simply 
changing the force of blowing — a concept fanly easy for the small 
child to grasp. The manual technique requires that the fingers be 
placed sccui ely and tightly over the holes to maintain any given 
pitch This likewise is well within the motor ability of the three- 
year-old as daily shown in play rccouls and various developmental 
“tests " Whether 01 not the child would ox could coordinate them 
undei auditory control and musical motivation was another question. 

The oiiginal proccdme was to determine how much progress could 
be made in one semester (4)4 months) with two daily class drills 
of 15 minutes each, with group mstiuction Needless to say the 
length of the drill was forced to vary somewhat according to the 
daily changes in interest, motivation, and attention As the interest 
of one or moie individuals lagged, they were allowed to turn directly 
to other activities If the attention as a whole lagged too much, 
the lesson was discontinued and the experimenters played simple folk 
tunes (other than the experimental patterns) as a stimulus toward 
the next occasion. After six weeks the great differences in individual 
stages of development made it necessary to divide the class into an 
advanced and a less advanced group Eventually it was necessary 
to discard gioup instruction altogether for individual lessons The 
experimental procedure may be classified into the following geneial 
divisions. 

1 Introduction to the instrument Tiic first three periods were 
devoted to demonstiations by the experimenters (old English, Gallic, 
and German folk-songs), to very elementary “explanations" of the 
principles, and to free manipulation by the children. The school 
staff cooperated by devoting a daily period to such stones as Pied 
Pipe), The Magic Flute, etc A very marked dcgice of interest 
was thus generated in the beginning as a motive for subsequent 
“disciplines ” 

2. The second step gradually introduced “blowing" drills for 
the mechanics of posture, breathing, fingering Ordinary presenta- 
tion of the problem was of course hopeless, and before proceeding 
very far, a definite and permanent terminology based on an elemen- 



416 


MARTHA GUERNSEY COLBY 


tary perceptual and linguistic level had to be selected Of all the 
various systems tried, one was effective: “Open tone, with no fin- 
gers,” closed tones, with “fust finger on the fiist hole, second finger 
on the second hole,” etc. These had very literal meaning wheieas 
the symbols c, d, c, or even do, ic, me, had not. 

3. The third step was essentially a series of games in “matching” 
pitches, with the method cleaily explained and visually demonstrated 
by the expenmcnters Since a tendency to imitate the motor per- 
formance of the adult, regardless of pitch, was quite evident, the 
childien’s attention was repeatedly lefocuscd on the importance of 
the “listening’' part Singing or humming the tone, since it occurred 
so often spontaneously, was entouiaged as an incidental aid to ear- 
training 

4. Tins consisted of three different kinds of pitch discrimination 
“test,” likewise incorporated in games. The visual cues were now 
lacking, since the expenmcnters produced each tone from behind a 
one-way screen. In the veibal senes, the child was asked whether 
two successive tones were the same, or different. In the second 
series, in which the expo imenters played “close” simultaneous har- 
monics, he was asked how many fifes were played. In the third, 
oi manual senes, he tried to match through Ins own efforts the pitch 
played by the experimenter. The intervals used in the first two 
series were calibrated against adjustable tuning forks as follows 

Tiial 1 vd 256, 288, 272, 264 

Trial 2. vd 288, 320, 304, 296, etc. 

The first tone was matched with each of the others successively 
Due to restiicted time, however, the larger diftcrenccs of and Vi 
tone were substituted In the thiid series, only the diatonic in- 
tervals of the C-major scale were used as stimuli, since those weie 
the pitches learned in all preliminary -mo toi training. The critcnon 
in this last senes was the child’s own assurance that he had really 
“matched” on his own fife the “hide-and-seek” tone behind the 
screen. His tone was then recorded in musical notation in terms 
of standaid chromatic intervals, or if smaller than these, it was 
recorded as double-flat, double-sharp, etc. In a moie extensive ex- 
penment, mechanical recoiding would, of course, be desuable In 
this preliminary study, the independent notations of the two cxpei- 
imenters (both conservatory graduates) varied in only four judg- 




FIGURE 1 

MCLODIC PATTLRN3 

No 1-11/ — preliminary or practice patterns, 

No Ill-ini'— spontaneous vocal melodics (Stern ) 
No I Ur, III//, V — asymmetrical progressions 
No IV— vocal Urrnotivcn (Korug, Stern, Werner ) 
No VI, VII, XI— folk songs 
No VIII, VIII/J— Mozart’s "erstes Liedchcn ” 

No IX, IXa — Schumann's “SoMaten Marsch” 

No X, Xa — J S Bach, "Minuet 11 
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mdnts, all of which involved diffeienccs of less than a quarter-tone. 
In addition to the specific data sheets, descriptive behavior protocols 
were kept by vaiious trained students in the school, in an effort 
to get at the ‘‘dynamic” phases of musical behavior as well as 
quantitative learning. 

5 The fifth step introduced simple two-unit diatonic “finger- 
games,” viz c-d, c-d, c-d , e-f, e-f, e-f , e-d, e-d, e-d 

. ...etc, with a gicat deal of repetition and the gradual intro- 
duction of “count mg’ 11 rhythms in 4/4 and 2/4 time 

6. The final step, and the ical point of the experiment, was 
the application of this preliminary training to melodic reproduction 
These data were also recorded in staff notation, double flats and 
sharps again seeming sufficient to indicate intervals smaller than 
half-steps. The end criterion, however, as summarized in Table 1, 

TABLE I 

Subjects 1-12, 

Total number of ensemble drills 140 

Average number of ensemble dulls per subject* 130 

Average number of individual drills per subject 29. 

Subjects 13-14 (diopped at end of 9th week): 

Average number of ensemble drills 90 
Aveiage number of individual drills 17* 

Subjects 15-16 (diopped at en d of 6lh week). 

Average number of ensemble drills 50 
Average number of individual drills. 12* 

•These individual lessons to the four least talented children were given 
on the side during the period of their group participation, since it was 
hoped that such extra prompting would keep them abreast of the others 
in ensemble work 

was the number and kind of melodies “learned” m the applied 
musical sense, viz , correct number of units, correct harmonic se- 
quences, correct pitch (within J4- or at most ]/z tone) Tempo and 
rhythm were noted down } but not used as melodic criteria. 'While 
this system excluded a vast border area of far and near “variations” 
it seemed no more rigid than was necessary to compare learned skills. 

Melodic Patterns 

In the course of the experiment, some 25 melodic figures were 
used as patterns. Aside from the “finger-games” earliei described, 
and the early three-unit patterns (1-3^) all melodies were carefully 
selected from true musical sources, or from such experimental sources 
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as Stern, Kdmg, and B re Inner. (See appended notation ) Chro- 
matics, accidentals, modulations were avoided. Appogiatura, trills, 
etc , were omitted With the exception of a few melodies in F-major 
and G-major containing no sevenths, all those written in other keys 
were transposed to C-major. As it soon became apparent that those 
patterns involving inteivals beyond the sixth were too difficult for 
the group as a whole, the number of stimulus patterns was re- 
duced to 12. 

Results 

Due to the limited number of cases and the qualitative nature 
of the experiment, statistical coi relations seem irrelevant Table 1 
indicates certain gross relationships among the more important items 
It is based on data from the procedures dcsciibed earlier, and hcie 
summarized in their essential aspects fiom the following 16 subjects 

In the first column of Table 2 aie listed the 16 subjects in rank 
order of attainment (number of melodic patterns learned). Column 
2 indicates the specific patterns learned by each individual subject 


TABLE 2 


Subject 

Melodic patterns 
learned. 

Pitch lest 
(verbal ) 
Per cent 

Pitch 

test 

(manual) 
Per cent 

School 

ratings 

Experi- 

menters’ 

ratings 

1(A) 

Experimental senes 
1-12, additional - 6 

90 

80 

A— 

A + 

2 

Mr, 4, 5, 6, 7, 8, 

9, lift 

70 

65 

A 

A 

3 

1-3 b, 4, 4<?, 6, 7, 

8. 9 

60 

55 

C 

A— 

4 

1 

04 

4* 

C\ 

oc 

so 

a 

65 

50 

B 

B 

5. 

1-3 b, 4, 4rt, 8, 9 

CO 

<0 

A— 

B 

6 

l-3Zr, 4, 4 ft, 6, 7 

55 

+ 0 

B 

B 

7 

1-3 d, 4, 4 ft, 6 

45 

50 

C 

B — 

8 

1-3*, 4, 5, 6 

55 

40 

B 

C 

9 

l-3i, 4, 4ft, 6 

m 

35 

A— 

C+ 

10 
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D 

D 
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Column 3 represents the percentage of collect answers m the verbal 
pitch-discrimination test (with chfteicnces of y[ and J4 tones only), 
column 4 the percentage of correct responses in the manual test. 
Column 5 is probably fortuitous, since it repiesents the judgments 
of the nursery school staff as to the musical behavior of the children 
prior to the experimental period. No one on the regular staff had 
more than a very elementary tunning in music. Column 6 repre- 
sents the efforts of the experimenters to evaluate "dynamic” factors 
in behavior such as "interest,” volition, enjoyment, etc., during the 
entire couise of the experiment. 

Conclusions 

Pitch Discrimination. As stated in the beginning, the experiment 
proved too complex for reliable data on the sense of pitch Indeed, 
to isolate this factor pei se among young children, it would seem 
that only as objective a technique as the conditioned leflex is really 
adequate. The chart does show, at least in its extremes, some evi- 
dence of a positive j elation between the pitch "tests” and the musi- 
cal performance The manual test shows the more consistent cor- 
relation, although its difficulty makes the actual figuics lowei Data 
from the second test are omitted from the chait, because the auditory 
effects of simultaneous tones seem hardly comparable with those of 
successive single tones It is of passing interest peihaps that "close” 
hai monies with pronounced beats were raicly called "one,” but 
rather several "notes,” rvhereas octaves, fifths, and fourths were fie- 
quently confused with unisons If reliable at all, such answers af- 
ford genetic confiimation of the perceptual simplicity of these same 
intervals among adults (3). 

Relation of Melodic P cittern to Learning In geneial, four com- 
ponents in a melodic figure seem largely to determine the child’s 
success in learning it. These are (1) number of pitch units, (2) 
the size of the intervals, (3) the direction of the pitch changes, 
(4) the degree of symmetiy The fiist factoi seems amply illustrated 
by the abiupt diop in learning with patterns 1 c and 2d, which intro- 
duce more than four units, although the inter v*il range continues 
within a major thiid The noimal auditory digit span, as determined 
by Tei man’s i erased Binct tests, is tlnee units at the thud-year level 
and four units at the fourth-yeai level, five units at seven yeais, etc 
While it might be tempting to correlate our data with these entcria 
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and attnbutc the sudden learning plateau with these patterns to the 
child’s limited acoustic span, the vocal reproduction of melodics docs 
not bear out its validity Fmtheimoie, the results from oui more 
talented subjects show definitely that melodic memory is not identical 
with acoustic span In some instances a melodic figuie of 10 units 
was conectly rcpioduced on the fife at the first or second trial 

Certain general tendencies, pci haps of a fundamental type, seem 
similai to those found in vocal lcpioduction by young child t cn. 
These concern the otlici three factois pieviously mentioned, namely, 
direction, inteival size, and symmetiy Ascending intervals are 
easier than descending ones and diatonic piogicssion seems to be vciy 
much simpler than laigcr skips. No chiomntic patterns wcic used as 
stimuli in tins expcimient. The first phrase in the IVIo/art song 
(Ex 8) was learned mote quickly than the second, even when their 
older was experimentally reveiscd In the simplei pattern of 3b, 
the ascending tuad was correctly learned in much less time than the 
descending tuad, even when icvciscd in order This may pos- 
sibly indicate some feeling of ''tonality,” with the lower tonic as its 
fundamental base However, if the triad pattern were "reduced” 
to an ascending and descending thiid, as in 2 and 2a, no such marked 
difference in direction error was apparent. Again, if the fifth were 
reached diatonically (Examples 3, 3n) instead of by greater jumps, 
the accuiacy of its pitch was gi eater than in example 34, and very 
much grcatei than when it began ,\ melody (Ex. 8 a, 10, 11). While 
these results may well be attributed to the manual difficulties of the 
mstiument, some of them aic closely similar to those observed by 
Brehmer, Ortmann (12), Revcsz and others in the vocal rcpioduc- 
tions of childien, Oitmann found that the frequency of error varies 
directly with the pitch distance of a given interval. In his opinion, 
all tiaming should be from smaller steps to largci Revcsz states 
that some intervals sucli as the major seventh are very haul even for 
mature subjects to lcproduce In the present cxpci mien t, the de- 
scending fifths and octaves in the Bach Mcnuct (Ex 10) and the 
ascending fouiths in Ex 12 (Schumann’s Jageiliedschcn) pioved 
quite beyond the ability of all subjects excepting one, Subject A 
And even in A\ 1 cproductions the intervals were often diminished 
cither by flatting the G, oi sharping the C, or sometimes both. 

'Flic importance of symmetiy as an aid to learning seems well il- 
lustrated in examples 3Z>, 3e, and 3d The fiist pattern was learned 
correctly by seven subjects, the second by only three, and the last 
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by only one. The poor “musical*’ structure of these melodies, in 
isolated repetition, may account for some of the difficulty in learning 
them In Ex. 5, however, the second measure took twice as many 
repetitions as the first measure, although the intervals themselves 
are not more difficult 

A glance at column 2, in Table 2, will show at once the relative 
difficulty of the various patterns Based on (1) the number of sub- 
jects who failed to learn them, (2) the total number of periods re- 
quired for learning, the general order of deci easing difficulty is as 
follows. 

Ex. 10, Bach Menuct, first phrase 
* Ex 12 

Ex 1 0*7, Bach, second phrase 
Ex 11, Cuckoo song, first plnase 
Ex, 3 r/, and 3c 

Ex 8a, Mozart song, second phrase 
Ex 5 

These melodies apparently belong, so to speak, in one order of 
magnitude — the hardest. In teims of learning there is a rather 
sharp distinction between them and the next, or intermediate group. 
This second group includes all the remaining patterns except those 
of Series 1 which, structurally, and functionally, arc far the easiest 
Regardless of which factor or factors may complicate a melody, it 
seems evident that the difficulty in perceiving, remembering, and 
executing it is directly propoitional to its total complexity of design . 

Changes in the Onginal Melody though Rept oduetton. Space 
does not permit detailed analysis of the numeious variations on a 
given figure During the learning peiiod, these had most of the 
marks of mechanical tiial and erroi. In several cases, however, the 
final learned act itself was a variation, constant in repeated repro- 
duction, and obviously regaided by the child as a satisfactoiy dupli- 
cate of the onginal. Thus Example 4 (a primitive “Urmotiv” noted 
by Konig and Stern) was changed by four subjects to read e-e-/-f- 
e-e. (The italicized notes lepiesent the changes). In Example 
3 b, the descending triad often became c-c-c instead of g-e-c In Ex- 
ample 7, the piogression e-f-g-e-e-e-d often became e-f-g-^-^-e-d, etc 
Taking some 65 variations as a whole, it is again possible to ob- 
serve certain geneial tendencies common to all the child len. These 
aie (1) simplification of the melodic contour, by eliminating oi re- 
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ducing the larger intervals and omitting certain units or even certain 
measures, and (2) perseveration of familiar patterns while learning 
a new one Both tendencies are less pronounced in the more success- 
ful subjects, although they are not lacking completely in any case. 
It seems logical to assume m explanation that the ability to dis- 
ciiminate its paits within a given pattern would develop earlier 
among gifted children and lag in the opposite group A further ex- 
ample of reduction or simplifying occuis in Example 5, which was 
changed in over 50 per cent of the first tnals to e-e-e-f-f-f-g-^-^-c. 
The same tendency occurred almost invariably in the Mozart song, 
in which the third measure was entirely replaced by a repetition of 
the second measure 

Spontaneous Melodies. Some 30 examples were recorded of 
"spontaneous" sounds made by the chiidicn during free manipulation 
of the mstiument Half of these notations represent the early "pre- 
mclodic" period of learning. The other half are samples from the 
“free” preliminary periods of five minutes which preceded the 
latci individual lessons Within the first gionp, it is not possible 
to find any evidence of a “basic” or even a “common" melodic 
preference. Nor is theie any evidence for beginning pitch preferences, 
The tecorded data show little pattern beyond accidental “toots,” 
single and collective, in the sense of finger manipulation If the car 
guided the hand, it is certainly not appaicnt in the melody. The 
same conclusions hold largely for the later samples, except that 
typically the child now substituted one or more of his learned melo- 
dies for the trial-and-error sounds. A pattern structuie is now 
present, but it is a learned stiucturc, not an original invention. Sub- 
ject A alone seemed predisposed to repeat certain figures he pioduccd 
by himself- — but these were usually detectable combinations of the old 
rathei than any tiling clearly new. It might be expected that if 
vauous “Urmotiven” were included among the other melodies to be 
learned, some natural picfercncc m lepioductng them would show 
up. Within the scope of this experiment, such was certainly not 
the case. Thus Example IV and IVa, while moderately easy to 
learn, never once appeared .spontaneously in any of the “free” 
periods. Example VI (Hannschen Klein) was the popular favorite 
of those who could even approximate playing it, with the simple 
patterns of Series II a close second This does not invalidate the 
concept of the vocal TJrmotiv, but on the conti ary implies that much 
of its “fundnmcntality” in children’s singing derives fiom its par- 
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ticular type of muscular case, lather than from any perceptual 
selection, musically The same negative lesults occuned with 
reference to the minor 3rd, winch Weiner (17) found so fre- 
quentlv in the vocal melodics of young chddien. If played at all, 
the 3i cl was decidedly major, 01 even inci eased, as compared With 
4ths, 5ths, and 6ths which weie typically i educed 

Validity of the Expenment as a Test of Musical Ability When 
one recalls that Bach, Mozmt, and scvcial others at the age of four 
not only wrote complicated melodics, but harmonized them and 
perfoimcd them, it does not seem so absurd to look foi talent, albeit 
on a lesser scale, among young children. The relative futility of 
mosaic “tests' ’ at this early level seems appai cut in the pitch dis- 
ci immation data Pitch as pitch has little meaning for the cluld, 
unless it is incorporated within a fi actional whole based on his per- 
ceptual level Out data, as well as those of Biclimer, disagree with 
the statements of Hissem (6) that music should he split into its 
simplest elements for the preschool child, although not with her 
experiment which actually did quite otherwise. Not only did she 
piesent as stimuli a series of veiy uch pitch complexes (gong-clang) 
but accompanied them with both a definite lhythrmcal pattern and 
a verbal meaning (words) As a matter of fact, her approach is 
similai to ouis, in that it presents a “reduced whole," but not a 
“dissected" musical unit. Ouis is dissimilar however, in emphasiz- 
ing melody (pitch changes) as the learning form While all authori- 
ties do not agiec with Mozart that “Melodie is das Wcscn der 
Musik," most of them do agree that in “melodic sensitivity” the real 
musical natui e of the average person is shown as by no other method 
According to Lipps (9), Revesz, Huber (7), and others the talented 
person perceives and reproduces very different and very complicated 
melodies; the untalentcd, only those of few units and simple stiuc- 
ture. These authors iefer, of couise, to vocal reproduction But 
since the instrumental method seems to differ chiefly in its greatly 
restricted output, this experiment could perhaps be regarded as 
meiely a more severe test than a vocal one, weie it not for the 
rapidly changing motor capacities of the picschool age, which un- 
doubtedly complicate the picture. It is furthermore probable that 
reproduction on a key-board lnstiument would be easier than on the 
fife, since before the lattci’s tones can be discriminated, they must be 
produced without benefit of arbitrary control. On the other hand, 
our subjects seemed to prefer the fife or some other small mampula- 
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tivc instrument — doubtless because these could be "marched with” 
in imitation of the Varsity Band and the Pied Piper The analogy 
between the child and pnmitivc man in this behavior winch unifies 
the sound, the dance, and the drama, has been emphasized by 
many authorities. This ”one-ness ,J of pnmitivc musical expencnce 
would seem, however, to be too rarely considered in teaching music 
to very young children, although such games as “musical chairs,” folk 
dancing, etc,, are worthy exceptions. 

Individual Differences Since these results are qualitative rather 
than quantitative their significance can best be appreciated by a de- 
velopmental picture of behavior From this perspective, the fust 
week’s progiess is in many ways the most sti iking. All the subjects 
quickly tried of "just blowing,” i c., piodutmg an open tone, and 
most of them soon went then own way in producing accidental tones 
by manipulating one or moic holes with one or more fingers, How- 
ever, by the end of the thud lesson, they could all blow the same 
open tone, or pitch (C 250), simultaneously, in simple jJjythmjcaJ 
units of three-foui 01 foui-foui time, moderate tempo By the fifth 
day, all subjects had mastered the next step of producing a second 
pitch by covcnng the first hole with the first fingei. liy the end of 
the first week they could imitate in ensemble unison such simple 
melodic patterns as c, d, c, d, etc More than these two pitches 
and four-unit lliythms were still beyond them This stage of 
achievement thieatened to be the final one for the group and indeed 
the only progress throughout the jest of the month, in ensemble per- 
foimancc, was the mastery of a third pitch by covering the second 
hole, and extension of the “finger-games” to d, e, d, c It is signi- 
ficant that at this stage they could not reproduce thirds correctly, 
ascending' or descending, unless the major 2nd inteivened 

By the end of the month, all subjects save No 15 and No. 16 
could reproduce most of the melodic patterns within the restricted 
compass of the major third, (Sec variations of Senes II ) The 
expciimentcrs managed to add a little more variety by different 
rhythmical treatments, most successful, incidentally, when the chil- 
dren could march and blow at the same time. Four subjects never 
got beyond tins stage Some mastcied a few additional patterns, and 
one child alone attained the desired goal — a repertory of twelve 
figures 

In order that the expenment might not lose its attraction com- 
pletely during this plateau interval, the lessons were made shorter 
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and the experimentcis played familial folk tunes. All behavior 
protocols excepting those of two individuals showed pionounced 
kinaesthetic reactions such as jumping, dancing, rolling, humming, 
winch usually began with this music and ceased when it stopped. 
The great difference between vocal 1 cpiorluction and manual rep to- 
duction was strikingly, if incidentally, biought out by the fact that 
the children could sing more melodies than they could play, at the 
end of the experimental period It is probably also significant that 
the children who ficqucntly inhibited the more overt activities to 
listen closely or watch the performer play were 'without exception 
those who reached the highest levels of peifoimance in the experi- 
ment In no cases, however, were the kinaesthetic responses com- 
pletely lacking excepting for the two children who from start to 
finish showed neither the slightest interest nor proficiency in music 
(Subjects 15 and 16). The close agieemcnt between columns 2 and 
6 is piobably to be expected, since the greater enjoyment of the 
"good” subjects doubtless led to their increased achievement. Rcvesz 
makes most emphatic this close relationship between musical interest 
and enjoyment and "musical sensitivity” as a diagnostic clue to talent. 

Of the numerous complex reasons making for lack of progress 
over the next few weeks, some were fan ly appaicnt. One was the 
physical difficulty of those with very shoit fingers to cover success- 
fully moie than three holes at once With others the span of 
melodic perception, or the limit of auditory-manual coordination, 
seemed to have been reached for their particular maturation level. 
Furthermore, there occurred at this point a complete disintegration 
of group spirit Some wanted to work faster and longer, some 
wanted to work less and more slowly The class was accotdingly 
divided into two groups, the first including the five most eager and 
efficient subjects From the remaining group of 11, subjects 15 and 
16 were now dropped, since no amount of individual 01 concerted 
effort on the part of the experimented succeeded in maintaining their 
interest further. Their nursery school records likewise showed con- 
sistent indifference to the “musical period” in the daily program of 
the school, For a time the change seemed to benefit the other 
groups They offered alternate "programs” in a visible spirit of 
competition. The five superior subjects still continued to advance 
at a faster pace, but even within this small gioup individual dif- 
ferences soon cmeiged to destroy the ensemble unity 

The sharp difference between the success of the thice-umt and the 
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five- and six-unit melodies,, even with the same intervals used, has 
already been discussed Sonic awaieness of their dilemma at tins 
stage was shown by a few children in such verbalizations as, "This 
note is the wrong one," "I can't make the right note sound," etc 
Such remarks seemed to indicate correct perception of the melodic 
pattern, discriminative recognition of its component pitches, but a 
motor contiol in reproducing them. Others were obviously 
content with their hard-won achievement, and while they seemingly 
enjoyed the class peiiod, stiongly resisted any extension of their in- 
dividual repertory. During the last two months, the group method 
of instruction was abandoned, and one individual lesson substituted 
on alternate days. This change produced another spurt in progress, 
which, fortunately, lasted well up towaid the end 

Since subject A was in every respect the most successful pioduct 
of the expenment, a brief portrait of his behavior may be of in- 
tciest. Our attention was drawn to linn the vciy first day when he 
complained that the cLose harmonies played by the experimenters 
in the pitch discrimination test "hurt his head." On the fouitli day, 
he said, ‘‘IVe got a new note." To our surprise, fie had six Zingers 
tightly down over all the holes and was blowing the most difficult 
note on the mstiumcnt (low D) without its octave. While its pro- 
duction at that time was quite accidental, he was later able to learn 
quickly the posture, breath control, and Zinger cooidmation necessary 
to reproduce it in a melody. His school ratings in ordinary play 
and social activity wcie the lowest of the experimental group, though 
not of the nursery school group as a whole His rccoids foi the daily 
rhythmic exercises and songs, however, were the highest in the class. 
His rank in mental norms within the 16 experimental subjects was 
fifth. (The entire group was selected from the upper quaitilc of the 
school.) His age at the end of the experiment was 4 years, 3 months, 
17 days, while the mean for the expenmental group was 4 years, 3 
months, 28 days, His play interests in general tended to Lie solitary, 
strongly individual, and somewhat fantastic. Both his tcacheis and 
his parents repoited that from the first experimental lesson on he 
talked incessantly about his ‘‘music-flute.” He was quite unique in 
real ly liking the "games” of pitch discrimination in which he not only 
found the right tone, as a rule, but if the consistency in blowing were 
too different, he would say, "That’s it but it’s not the same." His 
greatest errors in reproducing pitches in this way were never greater 
than a half a tone, and usually well under a quarter tone On several 
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occasions when he blew too loudly, the octave confused him, and 
despite explanation, he invariably demanded anothei fife which 
didn't “make that other note ” A few trials toward the end of 
the semester in teaching him symbolic notation were ineffectual, 
although middle C between the two staves was usually pioperly 
named. In playing longer melodies he occasionally forgot and 
stopped, but rarely repeated oi omitted. With veiy little prompt- 
ing be would finish the Lune with evident satisfaction At the 
end of the semester's experiment he had attained a technique which 
included all 12 of the experimental patterns, a repertory of six 
additional tunes such as “Lightly Row,” (first phrase) “I Can 
Play My Violin,” “Yankee Doodle,” and an assortment of small 
“original” melodies which he consistently lcpeatcd. As stated earlier, 
however, these were largely composites of the others. 

As far as could he determined, the child’s parents had only 
minimally “average” musical interests or capacities, and neither 
one was a pei former The matci nal grandfather, however, had led 
his village band m rural Gcimany and played the palish organ 
On so little evidence nothing can he said of hei editary talent in 
the child's behavioi On the othei hand, neither can his home 
environment, far less musical than that of some of the other chil- 
dren, account for lus marked supcuomy in the experiment While 
it is impossible to predict what his future success will he, since he 
too may at any given time arrive at a matin ation limit, it seems 
significant this fai that his school giades in music in the kindcr- 
gaiten and his success in a private piano class have remained con- 
sistently highei for two years than any othei ’s in the groups Inci- 
dentally, while it had never occuned to the paients to give him 
specialized musical advantages, the outcome of our elementary fife 
experiment has concerted them to the desirability of a musical 
environment and appropriate tiaimng facilities. 

In an applied sense, the experiment would seem to indicate that 
specialized instrumental training at too early an age (preschool) 
costs fai moie patience than it is worth, and that the same amount 
of effort applied to vocal acquisition of folk-songs, folk-games, “Kin- 
der liedei,” etc,, would pioduce greafcet lesults because it would 
capitalize on a natuial lesponsc and an easiei technique On the 
other hand, a minimal amount of auditory-manual training under 
appropriate musical discipline may obviously foster an intei est in 
instrumental music, and thereby deepen its aesthetic value later on 
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In a scientific sense, the experiment indicates sevci al possibilities 
for investigating musical development within a "reduced” but nev- 
ertheless normal "aesthetic” situation, 
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LA REPRODUCTION INSTRUM EN TALE DE LA MfiLODIE PAR LES 
ENFANTS D’AGE PRES COLA IRE 

(Resume) 

Cette itude essaic d’approcher les capacitcs mustcales des jeunes cnfants, 
non pas au inoyen des tests mosaiques, mats en coordonimnt les capacitds 
manuelles connues, les tendances imitatives, In poit6e cle la perception, ct 
les nivenux de motivation tie l’age prescolaire dans tin acte musical appns, 
par ex, la reproduction instrinncntalc des melodies simples Les matenaux 
principaux ont et6 des fifres et ties figmes soigncuscment choises de chasons 
populaires, des classiquca juveniles, ct les divers motifs employes par d’autres 
mvestigateurs On a cmployfi quatorze siijcts pendant la duree d’un scmestie, 
avec l’entralnement collectif et individuel Le succes dans I’appientissage 
ddpend surtmit de quatre vnuahles — 1c nombre des unites de hauteur, la 
grandeur des inteivallcs, la “direction” de la melodie, et le degre de 
rdpdtition ou de symmetne La tendance genciale il simplifier chacun ou 
tous ces facteurs est plus maiqtidc chez les snjets les moms capables La 
motivation adequate est tr&s difficile poui les moms capables L'activitd 
spontanee ou "llbre” avec I'mstrumcnt ne montre auctme evidence des 
'‘Urmotlven" qui se trouvent dans les piemicres formes vocales La portee 
melodiquc commc unitd perceptive est quelque chose tres different de la 
simple poitec acoustique, ce qui indique I'importance dc In forme dans 
l’expcrience vraiment musicalc Lea differences mdividuellcs varient de 
Finsuccds eomplet jusqu’au succes presque parfait dans les series d’ap- 
prentissage 

Colcy 

DIE INSTRUMENTALWIEDERGABE VON MELODIE VON 
VORSCIIULPFLICIITIGEN KINDERN 

(Refernt) 

In diesem Experiment wncl der Versuch gcmacht, die musikalischen 
Fahigkeiten jungei Kinder zu ti ntersuclicn, nicht clinch Mosaiktests, sondern 
durch das Zusammcnbringcn von bekannten Ilandfcrtlgkeiten, Nachalunung- 
sneigungen, Wnhrnehmungsumfang, und Motivierungsmveaus des vorschulp- 
flichten Alters in emen gelcrnten musikalischen Akt, namlich in die In- 
strumentalwiedergabc von einfachcn Melodicn Die Hauptmatenalien 
waren Pfeifen und sorgfaltig ausgewahlte Melodicn aus Volksliedein, 
Jugentlklassiker, und die vexscluedcnen Melodicn, die von anderen Forschern 
gebraucht wurden Vieizehn Vpn, dienten fnr eincn Zeitraum von cinem 
Semester imd erhielten sowohl Gruppen- als auch Einzcluntenicht, Der 
Erfolg beim Lernen hangt hauptsachlich von viei Variablen ab von der 
Anzahl der Tonhobeneinheiten, del Grosse der Intervallc, der '‘Richtung” 
der Melodie, und clem Grad der Wiedeiholung odei Symmetne, Die all- 
gemeine Neigung zur Veieinfachung jedes dieser Faktoren ist bemerkbarer 
bei den weniger begabten Vpn. Hinrcichende Motivierung 1st ausserst 
schwlerig bei den am wenigsten begabten Vpn Frenvilhge oder “frele” 
Tatigkeit mit dem Instrument weist keine Evidenz solcher Urmotive nuf, 
die in frhhen Stimmgcstalten vorkommen Der Melodieumfang als cine 
Wahrnehitiungseinheit ist etwas ganz veischieden von dem einfachen 
Gehorumfang, was nuf die Wichtigkeit der Gestalt in wnhrhnftig musikal- 
ischer Erfahrung liinweist Ilidividuellc Unterschiede vcrbrciten 9ich vom 
vollkommenen Misserfolg bis zum beinahe vollkommenen Eifolg in der 
Lernrethenfclge. 


Colby 



A STUDY OF SOME OF THE TECHNIQUES UNDER- 
LYING THE ESTABLISHMENT OF SUCCESSFUL 
SOCIAL CONTACTS AT THE PRESCHOOL 
LEVEL * 1 


Fiom the Deportment of Child Study of Vassar College 


Hllfna M \li,ay 


One of the aims of nursery school education is to teach children 
techniques for playing with other children in such a manner that 
they become m some integral way associated with every other child 
in the gioup The present investigation was undertaken to deter- 
mine the vaiious types of social behavior patterns occuning at the 
preschool level and from these to discover the techniques of suc- 
cessful social approach and successful maintenance of contact, i c , 
techniques for the initiation and maintenance of gtonfi contacts 

A ffi oup contact was here defined as two or more children func- 
tionally and spatially together, with some common underlying aim 
or intcicst, though not nccessni ily of the overt type This inter- 
relationship had potentialities for cooperation within the group both 
along the load toward and in the attaining of the goal There 
was a positive feeling among the members and acceptance of cacli 
by the otheis Such a group may have had destructive aims as 
regards the rest of society, yet so long as similar aims and mutual 
interest and aid in attaining a goal was evident, these members 
were a group 

Active cooperation among two-year olds was not always mani- 
fested overtly yet a common underlying aim and some basis for 
interrelationship were present. Tins leads one to question whether 
group behavior of two-year olds was not merely an immature form 
of the more highly developed gioup activity at the foui-ycar level 
Individual sand pics mutually adorned by two-year olds became 
pait of a bakery witli four-year olds 

♦Recommended by Dr Martha May Reynolds, accepted for publication by 
Carl Murchison of the Editorial Board, and received in the Editonal Office, 
January 24, 1935 

This stndy was directed by Martha May Rcj noldg, Professor of Child 
Study, Vassar College 
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The two major problems established were ‘'What arc some of 
the factors underlying the initiation of successful contacts?" and 
“What aie some of the factors underlying the maintenance of group 
contacts?" 

The initial contacts (approaches) were distinguished from the re- 
sulting maintained contacts and analysis of the two undertaken 
sepaiately A further division was made between successful ap- 
proaches and approaches as well as between maintained gioup con- 
tacts and maintained contacts Maintained group contacts included 
those social situations m which the children weie moved by a com- 
mon underlying aim into patterns of behavioi which kept them 
functionally and spatially together while maintained contacts were 
simple social contacts which did not have in them the elements of 
group activity Similarly, successful approaches wcie those which 
elicited maintained group contacts while approaches called forth 
simply the maintained contacts which by definition did not contain 
elements of group activity. 


Subjects 


The subjects wcie 21 chiklien in attendance at the Vassar Col- 
lege Nursery School duiing the year 1933-1934. Their chrono- 
logical ages ranged from 2 years, 0 months to 4 years, 9 months, 
as of October 15, 1933, the midpoint of the first period of observa- 
tion, Average chronological ages, mental ages, and intelligence 
quotients are given in Table 1 for the age gioups in year intervals 
as studied 


TABLE 1 

CA’s, MA's, and IQ's of Ace Groups Studied 


No of cases 

Two-year olds 

7 

Three-year olds 

7 

Four-year olds 
7 

At. CA 

2-4* 

3-7 

4-4 

Range 

2-0 to 2-11 

3-3 to 3-11 

4-0 to 4-9 

SD 

±3 62 months 

±3 09 months 

±2 99 months 

Ay, M.A 

2-8 

4-3 

5-7 

Range 

2-4 to 3-0 

3-11 to 4-8 

5-0 to 6-3 

SD 

±2 83 months 

±3 00 months 

±4,73 months 

Av IQ 

115 

m 

no 

Range 

103 to 140 

109 to 131 

120 to 141 

SD 

±14 63 

±7 48 

±6 78 


*2-4 signifies 2 years, 4 months. 
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FIGURE 1 

Observation Record 

Above is a sample lecoid foi a five-minute observation of a 
subject, timed to tcn-sccand intervals. The first third of the sheet 
included all the items of social behavior of significance to tins 
problem whcie the initiative \vas the subject’s, 1 c., (1) initials of 
the children reacted to socially tlnough any of the channels of social 
approach — regard, vocalization, physical contacts through materials, 
direct physical contact, paiallel activity, or cooperative activity — 
during each of the ten-second intervals of the five minutes. To 
these initials was added a cioss (a) whenever physical contact 
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through materials occuricd and a dash ( — ) whenever direct phy- 
sical contact occuned, (2) arty vocalization by the subject; (3) the 
materials in use at the time, (4) the activity in which the subject 
was engaged The second major division of the sheet provided for 
corresponding information about any child approaching the subject * 
(where the initiative was not the subject’s) . His initials were 
inserted in the correct time inteival under the first sub-column and 
data about vocalization, physical contact through materials, direct 
physical contact, parallel, oi cooperative activity noted Thrs second 
section was not a continuous recoid The third major division of 
the sheet was used for a complete diary record of the activity dur- 
ing the five minutes. A regulation stop watch was used. Notes 
were taken in a foim of shorthand. 

A two-hour observation was made of each subject (24 five-minute 
records), one hour in the Fall and one hour in the Spring Such 
n plan furnished data for a comparative study of changes in social 
behavior patterns after six months of nursery school experience. 

Notes on Analysis 

A method of analysis in terms of patterns rather than of items 
was adopted. In each approach and in each maintained contact 
the following items of social behavior activity were involved, either 
singly or in combination: 

visual regard of each other 

directed verbal statement or other vocalization 

physical contact directly or through materials 

parallel activity 

cooperative activity 

These five appeared so fiequently in and were so common to ap- 
proaches and to maintained contacts that they were assumed to be 
basic items. Other factors such as hyperactivity of the child’s 
approach, physical bearing of the child, intellectual elements, and 
emotional tone of the approach were considered individual over- 
tones rather than items in the social behavior pattern. These were 
omitted in the analysis in an attempt to remove those factors which 
were personality char act eristics rather than basic items of social 
behavior. 
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Quantitative data were on hand as to the frequencies of the basic 
items in approach and in maintenance of contact. But it was not 
possible at this stage to determine the influence of each item toward 
the success of the approach, i e,, whether the items Regard, Vocaliza- 
tion, or Paiallel Activity were equally responsible or one carried 
greater weight than another. In ordci to minimize the possible 
sources of error, it seemed best in the analysts to consider the total 
pattern, made up of the basic items Regaid, Vocalization, and 
Parallel Activity, responsible for the success of the approach rather 
than to try to weight the individual items 

The following eight pattern types weic adopted for use 

1 Regaid looking at another child while standing by inactive 
or engaged in an unrelated activity 

2. Regaid and V ocaltzation: vcibal statement or laughter, ac- 
companying looking at another child while standing by inactive or 
engaged in an uni elated activity 

3. Regaid and Physical Contact, physical contact directly or 
through materials accompanying looking at another child while stand- 
ing by inactive oi engaged in an uni elated activity No vocalization 
occurs. 

4. Regaid and Paiallel Activity looking at another child while 
engaged in related activity, similar but independent. No vocaliza- 
tion occurs 

5 Regard and Coopeiatwe Activity - looking at another child 
while engaged in related activity, interdependent and supplementing 
each other toward n common goal. No vocalization occurs 

6. Regaul , Vocalization , and Physical Contact physical contact 
either directly or through materials accompanying looking at another 
child while standing by inactive oi engaged in an unrelated activity. 
Vocalization docs occur. 

7. Regard, Vocalizatioji, and Parallel Activity ' looking at an- 
other child while engaged in i elated activity, similar but independent 
Vocalization does occur 

8. Regard , Vocalization, and Coopeiative Activity' looking at 
another child while engaged in related activity, intci dependent and 
supplementing each other toward a common goal Vocalization does 
occur. 

These patterns were considered mutually exclusive Each ap- 
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preach and each contact was listeJ under the type most representa- 
tive of it 

Analysis Record 

Each item in approach and in maintenance of contact was graphed 
on a master sheet (one for each subject) in such a way that it 
appeared at one and the same time separately yet Within its pattern 
In this way, details of the patterns could always be evaluated 
correctly in the light of the larger total pattern 

Purely statistical treatment of the data might show for one child 
a total of 50 regards and 45 vocalisations piesent m six maintained 
contacts. Analysis by patterns might show that five of these main- 
tained contacts were characterized simply by regard while the other 
one carried the total 45 vocalizations. Consideration of the items 
per se might lead one to conclude that the type of contact used 

Section A Seel ion B Section C 



FIGURE 2 
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most frequently by the subject was a Regard and Vocalization type, 
there being almost as many vocalizations as there were regards. 
Analysis by patterns showed definitely the predominance of contacts 
of the type Regard, 

Below is a sample analysis sheet of the sample observation record 
given above. Under Section A were charted the data for the study 
of approaches A check was made under sub-column a and in the 
coirect time interval if the subject on whom the lecord was taken 
approached another child , in sub-column bj i.f lie was approached 
by the other child (For the present study, approaches under a 
and b were summed for the total frequency of approaches ) In 
analyzing the pattern type, checks were made in the columns 1, 2, 
3, 4, 5, and 6 (see sample sheet) for the items involved, Regard, 
Vocalization, Physical Contact directly or through materials, Parallel 
Activity, and Cooperative Activity respectively. Column 7 was 
marked with a plus whenevci the approach was successful, i.c., re- 
sulted in the establishment of a group contact and left blank when 
not successful 

Under Section B were recorded the data for the study of main- 
tained contacts A plus was written in column a for each interval 
during which a contact was maintained In column b were listed 
the initials of those children other than the subject in the contact 
and in column c was recorded an “m” for the intervals and for 
only those intervals during which the subject was a member of a 
group. Analysis for pattern type was carried out by checking in 
columns 1, 2, 3, 4, 5, 6, and 7 lcspectively the occurrence of Regard, 
Vocalization by the subject, Vocalization by another child, Physical 
Contact through materials, Ducct Physical Contact, Parallel Activ- 
ity, and Cooperative Activity for each ten-second interval during 
winch any of the seven items wcie lecordcd 

Under Section C was noted the b leaking up of a contact either 
by the withdiawal of the subject oi by the withdrawal of other 
members. It was only when the subject left oi when all the other 
members left that the contact was considered ended. 

Data 

Study of App) oaches From Section A on the master sheet, 
there was computed for each subject the total number of approaches 
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occurring during his two-hour observation and the total number 
successful. These were sorted and listed according to pattern type 
For example, of the 108 approaches listed for one child, 22 were 
of the type Regard ; 31, Regard and Vocalization ,* 8, Regaid and 
Physical Contact, 24, Regaid and Parallel Activity, 2, Regard and 
Cooperative Activity ; 4, Regaid , V ocaltzation, and Physical Con- 
tact; 11, Regard , Vocalization, and Parallel Activity; 6, Regard, 
Vocalization, and Cooperative Activity. Similarly, the number of 
successful approaches per type were found For example, in the 
case above, of the 22 approaches of the type Regard, 1 proved suc- 
cessful in establishing a group contact; of the 31 Regard and 
Vocalization , 7, of the 8 Regard and Physical Contact, 2, of the 
24 Regaid and Parallel Activity, 15, of the 2 Regaid and Co- 
operative Activity, 2 ; of the 4 Regard, Vocalization , and Physical 
Contact, 0, of the 11 Regard, Vocalization, and Paiallel Activity, 
10; of the 6 Regard, Vocalization, and Cooperative Activity, 6. 
For each subject there weie data on («) the frequency of approach, 

( h ) the frequency of successful approach, (e) the distribution 
of approaches among the eight types, and {d) the percentage of 
success per type 

Study of Maintained Contacts. From Section B, there was com- 
puted for each subject the total numbei of seconds in social contact 
with other children (there were possible 7200 seconds for social 
contact — each of the 24 observations having 30 ten-second intervals, 
totaling 7200 seconds) and the number of seconds in group contact. 
Each of the maintained contacts was listed according to pattern 
type and the success per type obtained by finding the ratio of the 
number of maintained group contacts to the total number of main- 
tained contacts. For each subject there were data on. (a) the total 
number of seconds in social contact; (b) the total number of seconds 
in group contact; (c) the frequency distribution of maintained 
contacts among the various types; and (d) the percentage of success 
per type The average length of a contact and the average number 
of children in a group were also found. 

This study was essentially a study of “approaches” and “main- 
tained contacts” and not, at this point, a study of individual chil- 
dren. Emphasis was placed on the behavior of the child rather 
than on the child as an individual. For example, when Jane’s 
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Regard was considered, the interest was in the Regard as an item 
of social behavior rather than in Jane as a personality. 

Summary of Data Gathered 

In the study of the initiation of contacts (approaches) there were 
found • 

1 Total number of approaches 

2 Total number of successful approaches 

3 Ficquency distribution among eight pattern types 

4 Percentage of success per type, i e , ratio of number suc- 
cessful to total number per type 

In the study of the maintenance of contacts there were found: 

5 Total number of secondg in social contact 

6 Total number of seconds in group contact 

7, Frequency distribution of separate contacts of varying 
lengths among eight pattern types 

8 Frequency distribution of group contnetB among eight pat- 
tern types, the ratio of (8) to (7) giving the success per 
type. 

9 Average length of a maintained contact 
10 Average number of children per group 

Results on these points were gathered for the entire group of 
21* io\ the. twu-, three- , and four-yeai olds separately, Figures 
weie also obtained for the total two-hour ohseivation period, for 
the Fall and Spimg observation periods 

Total data may be graphically presented as follows: 


Croup 
Obser v 

Entire Group 
2fir Fall Sdtp 

2yr olds 
-2.hr -FalLSPiP. 

3yr olds 
£hr Fall Surf 

4yrolds 

2 hr,. Fall Sprf 
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The Initiation of Social Contacts 

1. Quantitative Analysis Table 2 lists the total number of 
approaches, the total number successful, and the percentage of suc- 
cess (ratio of number successful to total number made) for the 
entile group of 21 subjects, and for the separate groups of two-, 
three-, and four-year olds. The lower section of Table 2 gives the 
averages per child for the two items — number made and number 
successful. The questions raised could now be answeicd* What 
success did the pieschool child achieve in the initiation of social con- 
tacts'* What were the age level variations? What differences in 
success weic evident from tile Fall to Spiuig periods'* 

The percentage of success m the initiation of social contacts at 
the preschool level was 27 3 The separate percentages at the two-, 
three-, and four-year levels, i c , 26,5, 24 2, and 30 8 respectively, 
were very close and the diftcrcncc found to be not statistically sig- 
nificant, suggesting that at the pieschool level the development of 
techniques foi the initiation of successful contacts was slow Since 
the data showed the four-year olds to be not more successful than 
the two-year olds, the establishment of techniques for successful 
appioach seemed to be not wholly a matter of maturation. More- 
over, a significant difference between success attained in the Fall 
and that reached in the Spring was noticed for the entire group. 
The question arises What is the relative importance of maturation 
and learning in the establishment of techniques for successful social 
behavior? 

2 Qualitative Analysts The following questions were raised: 
Which were the pattern types of approach most common at the 
preschool level? Which were the most successful? What age level 
variations were evident? What changes were noted fiorn Fall to 
Spring? 

Tabic 3 lists for each of the eight pattern types its percentage 
of frequency of occurrence in the total 1976 approaches studied 
The three most frequently used types were Regai d; Regai d and 
Parallel Activity , and Regard and Vocalization , one or another 
making up 79 2 pci cent of the total number. The remaining five 
types, occmring 20 8 per cent of the time, showed individual fre- 
quencies of 1.4 per cent to 9.1 per cent Although the percentages 
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varied slightly, results at the Fall observation and the Spring 
observation for the entire group and for the separate two-, three-, 
and four-year age levels all upheld the conclusions drawn above that 
those three pattern types were used most frequently as techniques 
of appioach. These data are shown graphically below (Figure 1 a) , 



AfS Groupj 

FIGURE I A 

Table 4 shows that at all age levels and at both the Fall and 
Spring observation penods, four of the eight types of approach 
resulted almost invariably in establishing successful contacts; the 
other four almost invariably failed to do so. This “all-oi-none” 
characteristic of the results may be seen more clearly in Figure 1 b 
on page 444. The pattern type found to be most successful was 
Regard, Vocalization, and Coopeiative Activity, 97 1 per cent of 
such approaches resulting m the establishment of a group contact, 
Regard and Cooperative Activity had 89.7 per cent success; Re- 
gard j Vocalization , and Parallel Activity , 74 2 per cent; Regard 
and Parallel Activity, 70.0 per cent The most unsuccessful type 
of approach was Regard . Only 2.9 per cent of such approaches 
resulted in the establishment of a group contact; with Regaul and 
Physical Contact, 10.1 per cent; Regard, Vocalization, and Physical 
Contact j 10 7 per cent; Regard and Vocalization , 16 6 per cent 
The types of approach which proved successful retained their 
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Age Giuups 

FIGURE in 

success potentialities with all the subjects, the two- as well as the 
three- and four-year olds, and at all times, in the Fall or Spring 
The types proving unsuccessful remained consistently unsuccessful 
at all times and at all age levels The question arises* Might not 
the factois underlying the initiation of successful social contacts be 
fairly independent of the factor of age level and of the factor of 
existing social relationships between the subjects? 

3. Conclusions An attempt was made in this section to dis- 
cover some of the factors underlying the initiation of successful 
Contacts. Results showed that an appioach following the general 
pattern of Regard , Vocalization, and Cooperative Activity or Regard , 
Vocalization, and Paiallel Activity was fairly certain of success in 
establishing a group contact In so far as Regaid and Cooperative 
Activity and Regaid and Parallel Activity without accompanying 
vocalization wcie also types which resulted in the establishment of 
group contacts , might it not be said that the two elements — Co- 
operative Activity and Parallel Activity— appearing one or the other 
in most of the successful pattern types were the important factors 
facilitating the initiation of successful social contacts' 1 

Furthermore, it may be said that these factors of Cooperative or 
Paiallel Activity were fairly independent of the individual per- 
sonality pattern. They were equally successful when used by the 
two-, tlnee-, and four-year olds, in the Fall and in the Spring, by 
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tlie child who was most maladjusted peisonally and by tile child 
with the best personality adjustment, by the child with the highest 
intelligence quotient and by the one with the lowest. Success seemed 
to be, to a greatei extent, a matter of type of approach used rather 
than of individual personality pattern behind it 

The question of the relative importance of maturation and learn- 
ing by experience in the initiation of successful contacts will be taken 
up in another section, page 451 

Analysis showed that only 27 3 per cent of all the approaches 
made by two-, three-, and four-year olds resulted in the establish- 
ment of group contacts Analysis showed further that 70 3 per cent 
of the approaches made at these age levels wcic of the four types 
found above to be almost certain of failure — Regard, Regard and 
Vocalization , Regard and Physical Contacts; Regard, Vocalization, 
and Physical Contacts Small wonder that success was limited 1 

Thf Maintenance of Social Contacts 

In the quantitative analysis, individual contacts varying in length 
from 10 sec. to 300 sec wcie not kept separately A 10-sec con- 
tact, a 30-sec one, a 90-sec, and a 120-sec one were added and 
the 250 sec. listed as the total contact for that child, with no 
reference at this point to the fact that four individual contacts of 
vaiying lengths were contained therein In the qualitative analysis, 
each maintained contact was considered separately, the 250 sec 
above weic treated as four individual maintained contacts and the 
type of each detei mined 

1 Quantitative Analysis Table 5 shows the percentage of free 
play time spent in social contact and the percentage of success in 
maintaining group contacts (time in group contact to total time in 
any kind of social contact) Answers to the following questions 
weic sought What percentage of fiee play tune was spent in any 
sort of social contact ? What pciccntagc of time spent in social 
contact was group contact ? What vaiiations in age level were 
found ? What changes were noticed from Fall to Spring ? 

The preschool child spent 61 pei cent of his fiee play time in 
social contacts of any sort (ratio of the total number of seconds 
in social contact to the 7200 sec total observation time per child) ; 
the two-year olds, 41 per cent, three-year olds, 64 pei cent, four- 
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in Social Group Con- 
tact per child 2714 1050 1664 1679 500 1179 
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year olds, 77 per cent However, the percentages of success in the 
maintenance of group contacts attained by the two-, three-, and 
four-year olds were found to be very close — 56 0 per cent, 55 9 
per cent, and 70 1 per cent respectively. There was no difference 
between the results for the two- and three-year olds and a statistically 
insignificant diffcience between the lesults for the two- and tliree- 
year olds on the one hand and the four-year olds on the other hand 
( D/tratft was 2 0). 

Significant diffeiences and definite progress at all age levels in 
the ability to maintain group contacts after six months in the nursery 
scliool weie noted Percentages of success were much Higher at all 
age levels duiing the Spring than duiing the Fall. Moreover, the 
two-year olds in the Spung were more successful than the three- 
and four-year olds in the Fall and the three-year olds were moie 
successful in the Spring than the fours in the Fall. 

Since the success of the foui-yeat olds was not much greater than 
that of the two- and the three-year olds and the progress shown from 
Fall to Spring was significant for all the age levels, it seemed that 
other factors besides maturation were responsible for the maintenance 
of group contacts The question again arose. What is the relative 
importance of maturation and learning by e\pcncnce tn the main- 
tenance of giotip contacts? 

2. Qualitative Analysis. In Table 6 is given for each pattern 
type of maintained contact the percentage of frequency of occurrence 
among the total 1726 maintained contacts studied The questions 
raised were* Which weic the most frequently occurring pattern 
types of maintained contacts * Which were the most successful? 
What age level variations were evident? What changes were noted 
from Fall to Spring? 

Tiie three types of maintained contacts occurring most frequently 
at all age levels and at both the Fall and Spring periods were Re- 
gard; Regat d and Vocalization , Regard , Vocalization , and Parallel 
Activity (Figure 2 a, page 449) Of the 1726 maintained contacts, 
72 1 pci cent were of one or another of these three pattern types. 
Tiie five remaining types appeared with average frequencies of from 
0.6 per cent to 7 6 per cent, slightly higher or lower with variations 
in age groups, the highest reached by any being 13 3 per cent 

In Table 7 are listed the ratios of the number of contacts proving 
successful to the total number listed for each type, i e , the percent- 
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age of success in mam tain mg group contacts per type. As was found 
for approaches, the various pattern types proved to be either highly 
successful or highly unsuccessful at all age levels and both in the 
Fall and the Spring, Four types showed success above 50 pci cent 
(three of which were above 78 per cent) and the lcmaimng four 
types showed success of only 0 2 per cent to 10,0 per cent (Figure 
2b, below) Regai d, Vocalization , and Coopetativc Activity had 



FIGURE 2D 
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a 97 6 per cent success; Regard and Cooperative Activity , 90.9 per 
cent; Regaul, Vocalization , and Parallel Activity, 78 7 per cent; Re- 
gard, and Paiallel Activity , 48,4 pci cent. Among those with low 
percentages wcie: Regaul , 0,2 pel cent; Regard and Physical Con- 
tact, 3.8 per cent; Regaid and Vocalization , 6,9 pci cent; Regard, 
Vocalization, and Physical Contact, 10 3 pci cent. The “all-or- 
none” principle applied to the patterns for the maintenance of gioup 
contacts as it did to patterns for the initiation of successful contacts. 

The tvpcs of maintained contacts which pioved successful retained 
their success potentialities with all the subjects — the twos, as well 
as the thiecs and fours — and both in the Fall and Spnng, the types 
unsuccessful remaining unsuccessful at all times and at all age levels 
The question aiises; Might not the factors underlying the main- 
tenance of gioup contacts be fan ly independent of the factor of age 
level and of the factor of existing social relationships within the 
group f 

Data on the average length of a maintained contact and on the 
average number in a group will be presented in the section which 
deals with age level differences, page 452 

3. Conclusions An attempt was made to discovei some of the 
factors underlying the maintenance of gioup contacts Data showed 
that pattern types which included Regard , Vocalization, and Co- 
operative Activity or Regaul , Vocalization, and Paiallel Activity 
resulted almost universally in success. Since Regard and Coopet ntive 
Activity and Regaid and Paiallel Activity without the accompany- 
ing vocalization also showed a high probability of success, might it 
not be said that the two elements appearing one or the other in most 
of the successful patterns — Cooperative Activity and Paiallel Activity 
— were the important factors underlying the maintenance of group 
contacts. 

Results showed consistently the success of these factors — Cooper- 
ative and Parallel Activity — when used as a means of maintaining 
group contacts at any of the age levels, at either the Fall or Spring 
observation penods when the previous interrelationships between the 
subjects involved might have had some influence, by eithci the most 
maladjusted child or by the one showing the best personality adjust- 
ment, by the child with the highest intelligence quotient and by the 
child with tile lowest (all IQ's included in the study were above 
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100), Success seemed to be dependent, to a greater extent, on tech- 
mques used rather than on peisonality patterns involved 

The question raised as to the relative importance of maturation 
and learning by experience in the maintenance of group contacts will 
be discussed in another section, on this page 

Analysis showed: (a) that 61 per cent of his free play time was 
spent by the preschool child in social play, (Z-) that of the time 
spent in social play, 61 9 per cent was of the type of group play aimed 
for in Nurseiy School Education, It was also found that 70.2 per 
cent of the contacts maintained by the preschool child weie of the 
type found to be almost certain of failure in the maintenance of 
group contacts — Regard; Regard and Vocalization, Regard and 
Physical Contact , Regard, Vocalization , and Physical Contact, The 
preschool child seemed to be at the beginning stages of social inter- 
relationships 

Correlated Questions 

1. Maturation and Learning by Experience . Data relevant to 
the question of maturation and learning by experience may be seen 
in Tables 2 and 5 (pages 440 and 446) Although there was an 
increase with age in the total number of contacts initiated and the 
total number of seconds in social contact (trend upward with nega- 
tive acceleration following the typical growth curve attributed 
primarily to the effects of maturation), it was noted that in the 
Fall the percentage of success in initiating and maintaining group 
contacts did not show this gradual increase with age. The per- 
centage of success for the two-year olds was 21 7 pet cent; for the 
three-year olds, 21 4 per cent; foi the four-year olds, 23.2 per cent. 
Progiess was shown over the six-months penod in nursery school 
for all age groups Furthcimoic the success attained by the two- 
year olds in the Spring was gi eater than that of the three-year olds 
and even the four-year olds in the Fall. Similarly, the three-year 
olds showed greater success in the Spring than did the four-year 
olds in the Fall It was true that the four-ycai olds showed the 
greatest progress over the six months, an increase of 15 7 per cent 
and 19 9 per cent respectively for successful approaches and foi main- 
tamed gioup contacts, the two-year olds were next in order of 
progress, 9,8 per cent and 22.5 per cent respectively, the tinee-year 
olds were last, 5 8>per cent and 7 5 per cent respectively Had the 
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progress been due solely to maturation, would not the three-year olds 
have shown gi eater progress than did the two? This latter fact plus 
the one that success in social contacts did not necessarily increase con- 
sistently with age seemed to indicate that matuiation alone was not 
responsible for success in social relationships 

To conclude: It would seem that definite progress may be 
achieved through nursety school guidance in the development of social 
behavior A 10 per cent average increase in the initiation of suc- 
cessful contacts and a 16 pci cent average increase in the time spent 
in g\ oup contact was found after six months in nursery school. In 
the Fall, the preschool child participated in group play during 29 
per cent of his free play time; in the Spiing, 46 per cent. Similar 
effects of learning weie evident at the two- and three-year levels 
as well as at the foui-year level 

Learning by cxpencncc the techniques of successful social adjust- 
ment seemed possible at the two-year level Cooperative Activity 
and Parallel Activity weic established as two of these techniques. 2 

2. Age Level Differences. Restating fiist the major items com- 
mon to the various age levels, wc found ' 

a Pattern types used most frequently — Regard, Regard and 
Vocalization, Regaid and Parallel Activity — occuired as the three 
most frequent at all three age levels, 

b Types pioving most successful — Regard, Vocalization and 
Cooperative Activity ; Regaid, Vocalization, and Parallel Activity, 
Regattl and Coopei ative Activity, Regaid and Paiallel Activity — 
were most successful at all three age levels, 

c Success in the Fall and piogress from Fall to Spring were 
shown at all three age levels in almost equal amounts 

Yet, there were some slight differences m the two-, three-, and 
four-year-old social behavior patterns which though not statistically 
significant at these age levels are of qualitative interest: 

a. Four~ycar olds made a greater number of approaches and 
spent a larger amount of time in' social contact than did the three- 

a The advisability of speeding up social behavior development bj r teach- 
ing, i e, lessening the amount of trial and error the child must go through, 
was not the issue, The facts weic established that teaching was possible 
and that there were techniques for establishing nncl maintaining success- 
ful social relationships fairly independent of the factors of individual 
personalities anti age levels 
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year olds and correspondingly, the three-year olds more than the 
twos. 

by Concerning the 20 odd per cent of those patterns appear- 
ing infrequently — Regard and Physical Contact , Regard and Co- 
operative Activity j Regard j Vocalization, and Physical Contact; 
Regard , Vocalization, and Parallel Activity; Regard , Vocalization , 
and Cooperative Activity— -at all three age levels, the two-year olds 
used more often those involving physical contacts ; the threes and 
fours, those involving cooperative activity 

c. The average length of a maintained contact increased with 
age For the two-year olds, it was 48 see , for the thrcc-yeai olds, 
59 sec,, for the four-yeai olds, 79 sec 

d. The average size of the social group increased with age 
The social group at the two-year level averaged 2 30 members ; at 
the three, 2.50 members, at the four, 2 62. 

e Sociability indices incieascd with age (The index was 
determined for each subject by adding to the total number of other 
children he contacted throughout his 7200 seconds of observation 
the total number of times he appeared in a social contact rccoidcd 
during the two-hour observations of the other twenty subjects.) 
Indices at the two-year level ranged from 600 to 1032 with a mean 
of 797 0, at the tluee, from 1104 to 1878, with a mean of 1364 3; 
at the four, from 1325 to 3189, with a mean of 2037 9 
To conclude; There was an increase with age in the number of 
social appioaches made, in the percentage of time spent in social 
contact, in the more frequent use of Coopeiative Activity and less 
fiequcnt use of Physical Contact as a technique, in the average 
length of a maintained contact, in the number of children partici- 
pating in one social relationship, and in the sociability index. These 
changes may be due to maturation It may be that the two-year-old 
pattern has some limits set up by maturation Howevei, the data 
tend to show that success in social relationships, the ability to turn 
an approach into a successful one and a maintained contact into a 
group contact may be influenced through learning by experience and 
that this success was as possible at the two-yeaT level as at the three- 
and four-year levels. 
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Summary and Conclusions 

An attempt was made to discover some of the factors underlying 
tile initiation of successful contacts and the maintenance of group 
contacts A successful contact, as heie defined, was one which 
resulted in the establishment of a gioup relationship between two or 
more children, bunging them functionally and spatially together 
with some common underlying aim or interest though not neces- 
sarily of the overt type. This interrelationship has potentialities for 
cooperation within the gioup both along the load towaid and in 
the attaining of the goal. Moreover, there will be acceptance of 
each member by the others — a positive feeling toward each other. 
Such a gioup may have destiuctive aims as regards the rest of so- 
ciety, yet, so long as among the members similai aims, mutual inter- 
est and aid in attaining a goal aie evident, these members are con- 
sidered a gtoup . 

The investigation was carried through at the Vassar College 
Nursery School during the year 1933-1934, The 21 children in 
attendance at the school were used as subjects, Thcii chronological 
ages ranged from 2 years, 0 months to 4 years, 9 months , their IQ’s 
from 103 to 141. 

A two-hour observation (24 five-minute observations) was made 
of each of the subjects; one hour in the Fall, during the first three 
weeks at nuisery school, the other in the Spiing, si* months later. 
Records timed to ten-second intervals weie kept of significant items 
in the social behavior pattern of the subject and weic supplemented 
by a complete lunning diary record of the five minutes 

Emphasis was placed on social behavioi items manifested rather 
than on the individual’s personality, In the analysis of the data, 
separate items of social behavior were studted always in context, a 
simple pattern of from one to three basic items adopted for use, 
Data obtained for the total group and for the separate two-, three-, 
and four-year age groups permitted tile study of age level vanations 
in addition to behavior items. Data obtained foi the total period 
of observation and for the Fall and Spring periods sepaiately per- 
mitted the study of changes over a six-months period in nursery 
school. 

A total of 1976 approaches was observed and the success of each 
in establishing a group contact noted. Similarly, 91,980 seconds of 
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social contact — the time accumulation of 1726 maintained contacts 
-were obseived and the peiccntagc of the time in group contact 
noted Of the total numbei of contacts initiated, 27 3 per cent 
were successful. Of the total free play time, 37.8 per cent was 
spent in group play. 

Distribution of the 1 *976 approaches and the 1726 maintained 
contacts among the eight pattern types was made. The percentage 
of success per type was found Results showed that the factors of 
Cooperative Activity and Paiallel Activity seemed to determine 
the success in the initiation of and in the maintenance of group con- 
tacts. At all three age levels, at both the Fall and the Spiing 
observation periods (when, at the latter, the factor of pre-established 
inter-social habit patteins was involved), with either the well- 
adjusted or maladjusted child, with either the highly intelligent or 
average child, the pattern types of approach and of maintained con- 
tacts which included as an item, Cooperative Activity or Parallel 
Activity, retained high probability of success and those which did 
not invariably failed to establish gtoup contacts. 

Child A, most socially accepted, was the one using most fre- 
quently the patteins which pioved to be successful while Child B, 
least socially accepted, was the one using least often those patterns. 
Since both children, A and B, when using types shown to be of 
little positive value in establishing gtonft contacts, were equally un- 
successful, would it not seem that success in social relations was to 
a greater extent influenced by the techniques used than by the per- 
sonality of the subject? 

Results of the Fall observation showed the four-year olds to be 
not more successful in establishing group contacts than were the 
two-year olds. Pi ogress over the six-months peiiod was shown by 
both the two- and fom-year olds. Would it not seem that in the 
establishment of successful social contacts, the factor of learning 
by experience was perhaps even more important than the factor 
of maturation ? Maturation did seem to set a limit to the number 
of approaches made, to the length of time in social contact, 
to the duration of a contact, and to the number of children 
in a group (all of which factors do show a definite increase 
with age) However, within the hunts set by matuiation, the 
proportionate success m the establishment of successful g> oup con- 
tacts did not show this increase with age — tins effect of matura- 
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tion. The two-year olds, when using techniques shown by the data 
to be among those underlying the establishment of successful social 
contacts, were as successful as font-year olds Two-year olds did 
learn techniques for establishing group contacts. Two of these 
techniques* wetc to make approaches through Parallel Activity and 
Cooperative Activity. 
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UNE ETUDE DE QUELQUES-UNES DES TECHNIQUES A LA BASE 
DE L’fiTABLISSEMENT DES CONTACTS SOCIAUX 
RfiUSSIS AU NIVAU PRESCOLAIRE 

(Resume) 

On a fait une observation duiant deux heures du comporteinent social tie 
chacun de 21 enfants d’age pr6scolnirc pom decouvnr les techniques & la 
base dcs contact!) soemux liussis L’6tude des donnccs stir les 7 enfants 
ages de deux ans, les 7 ages de trois nns, el les 7 ages dc quattc ans a donn6 
des rcsultats sin les vm iations du niveau d'age, Une comparmson dcs 
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observations fakes en automne avec cellee du prm temps a mqntr£ des 
changemcnta du compcirtemcnt social dans une period? de sue mom dans 
I'ecole maternellc On a gard6 lea foimcs du compor lenient dans Fanalysp 
pour empccher unc evaluation "a priori" des points mdividuelg 9 ur le 
succSs on l’inauicia du contact 

Les donneea ont rnontre que lorsque 1’on a employ^ I'nctivitd cooperative 
ou l'activite parallMe commc techniques, lc contact initie a rfoulte dans un 
contact coJIectif de la sortc voulue par l’enseignement de 1’icolc maternelle 
Lea enfanta de 4 ans n’ont pas bcancoup plus rdnssi que ccux de 2 nns, 
Tous les niveaux d’agc ont montr6 des progres entre I’automnc ct le prin* 
temps Le sucees dans I'tStablissement des contacts semble plus dependrc 
dea techniques employees que des caracteristiques de la pcrsonnalite des 
sujets, de I’age, ou de Fetat antfineur des relations, L’enfant d’age pri 
acolairc, en employnnt le plus friquemment le simple regard ou la vocaliaa 
tion comme techniques d’approche, n’a rfiussi que 27,S% du temps. 

Mai lay 


EINE UNTERSUCHUNG VON EINIGEN DER DER FESTSETZUNG 
ERFOLGREICHER SOZIALER BEZIE11UNGEN BEI VORSCHUL- 
PFLICHTIGEN KINDERN UNTERLIEGENDEN METHODEN 

(Referat) 

Einc zweistundige Beobachtung des sozialcn Verhaltena jedes von einund- 
zwanzig vorschulpfliditigcn Kmdern wurde nugSefiihrt, urn die der Festset* 
zung erfolgreicher sozialcr Bezichungen nnterhegenden Mcthodcn 7ii 
entdecken Erne Unterauchung der Datcn uber die sieben zwei-, sicben drci-, 
und sicben vierjahrige Kinder ergnb Resultatc uber die Altersnivcauvaria- 
tionen Em Vergleich der in Ilerbst gemachten Beobachtungcn nut den im 
Fruhling gemachten Beobachtungcn wiei Veranderungen des sozialen verh.il- 
tena uber einen Zeitraum von sechs Monanten in der Schulc auf Die 
Verhaltensgebilde wurden m der Analyse behaiten, um das Geben von 
irgendeincm "a pnou" Crcwicht den verschicdenen Einzclheitcn uber 
Erfolg odor Missel folg der Bcziehunger zu vermeiden, 

Die Daten zeigen, dass, wenn zusammenwirkende oder zusammenlau- 
fende Tadgkeit als Methode gebraucht wird, die nngefangenc Bcziehung 
in eme Gruppenbeziehung ubeiging, worauf die Pflegcer/iehung zielt 
Vierjahrige Kinder waren nicht viel erfolgreicher als (lie zwcijahrigen 
Alle Guippen wiesen Fortschritte vom Ilerbst bis zum Fruhling auf Der 
Erfolg in der Festselzung von Beziehungen sciucn melir von den gebrauch- 
ten Methoden abzuhangen als von den PersonhchkeitseigenscUaften, dem 
Alter, odei von dem \orliengen Stand des Verhaltnmcs der Vpn, Daa 
vorschulpflichtige Kind bcim Gebrauch am lmuligsten von emfacher 
Betrachtimg oder Volkalisation als Methoden, war nur 27,3% tier Zcit 
crfolgreich 

Mai i av 



A STUDY OF THE CONFUSING LETTERS 
B, D, P, AND Q* 

From the Child Study Department of the Board of Education of 
Rochester , New York 


Helen P Davidson 


The data to be piesented in this study were gatheied at the same 
time and from the same childien as those which formed the basis 
of “A Study of Reversals in Young Children” (1) In the latter the 
extent to which young children made reversal errors in a test of 
form discrimination and in a test of woid discrimination was 
analysed In this, the thiid and last test of the series, the extent to 
which these same young children confused b with d , and p with q, 
reversal errors in a letter discrimination test as it were, was studied 
The test was given to all the kindeigarten and fitst-grade pupils 
attending the four public schools with which the writer was con- 
nected Practically all of these pupils had been given Stanfoid-Binct 
tests during the year by the wiiter The Letter Pciception Test was 
given at a later time of the same day as the other two tests, the ordei 
of presentation being Form Perception Test, Woid Perception Test, 
then Letter Perception Test, so as not to make the children letter 
conscious at the start Complete data for the letter test ate available 
for 48 kindeigarten and 111 fiist-giadc children, 159 m all. From 
Table 1 it will be seen that the distribution of intelligence of these 
children is a very noimal one 


TABLE 1 

Distribution of Intelligence Based on Stanigrd-Binets 


N 

Pupils 

Mean CA 

Mean MA 

Mean IQ 

Sigma 

159 

Total (kgn. and 





gr. 1) 

6 yrs. 5 02 mos 

6 yrs, 4 38 mos. 

99 S0±0 78 

14 72±0,56 

111 

First-grade 

6 yr3 8 55 mos 

6 yrs 7 15 mos 

99 03 ±0 96 

14 97±0.67 

48 

Kindergar- 






ten 

5 yis. 8 8S mos 

5 yrs 10 38 mos. 

101 79±1 37 

14 03±0 97 

62 

First-grade 






boys 

6 yrs 9 08 mos 

6 yrs, 6 08 mos 

97.16±1 26 

14 67±0 89 

49 

First-grade 






girls 

6 yrs 7.89 mos 

6 yrs, 8 5 mos. 

101 39±1,47 

15 24±1.04 


•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, June 4, 1934 
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The Letter Perception Test devised for this experiment was in 
the nature of a cancellation test A certain letter was printed in 
large black type at the left side of a sheet of papei After it a “box” 
was drawn containing four rows of ten letters each Among these 
letters were five identical to the given letter, five of the letter most 
likely to be confused with it (the murored opposite in the case of 
d ) <7, and b ), seveial each of other possibly confusing letters including 
several tall letteis in case “tallness” was an important factor in 
Iettei recognition, while the remainder weie randomly selected 
letters. The childien were instructed to look at the given letter, 
then find every one exactly like it in the box and mark it when they 
found it There was one practice cxeicise The test was given as 
a group test There were no time limits, all children being given 
sufficient time to complete it In this way the letters d, e } », q, and b 
were studied. Although the chief inteicst was to see the extent to 
which d would be confused with b> and q with p , it was also thought 
advisable to sec if d would also be confused with p and as well as 
q with d and b. It was also thought that e might he easily confused 
with c and o , and n with n, i jp, and h, so these were included in the 
study, and a test with b was added as a check on the test with d 
The writer had expected to be able to tabulate the number of each 
type of enor made, but it was soon evident that many of these 
young children weie unable to persist in the task until they had 
found every letter of the kind they were seeking Some were con- 
tent when they had marked only two or three. Accordingly it was 
unsafe to base calculations on the number of errors made The 
following procedure has therefore been used A child has been 
ci edited as having confused b with d whether he maiked one b or five 
b's It was a rare child, of course, who marked only one 

A few children made other crrois than the ones picsented in the 
following tables, but since so few made the same mistake these errors 
must be regarded as chance errors and, in some cases, as persevera- 
tions from the pievious test More consistent errors, but not suf- 
ficiently numeious to tabulate, were as follows: Three pupils con- 
fused d with h, five d with /, three q with h t four b with h, and one 
b with / The letter e was confused so seldom with any Iettei that 
it has been omitted fiom the tables The letter m was not confused 
with n so it has also been omitted In marked contrast are the con- 
fusions presented below. 
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TABLE 2 

Percentage or Kindergarten and First-Grade Pupils Making Each 
Type or Error 


Grade 

N 

d-b 

d-p 

d-q 

n-u 

n-h 

q-p 

q-b 

q-d 

b-d 

b-p 

b*q 

ICgn 

48 

93.8 

SO 0 

35 4 

25 0 

35.4 

95 8 

43 8 

271 

87 5 

39 6 

41.7 

Grade 1 

111 

64.9 

IS 9 

13 S 

99 

13 5 

62 1 

10 8 

13 5 

60 + 

18 9 

15 3 


From Table 2 it is seen that a much larger pcicentage of kinder- 
garten than first-giade children made every type of error studied 
Practically all the kindergaiten children confused d with b t q with 
p t and b with d A smaller but substantially large percentage of 
first-grade pupils made these same errois. The letter n was con- 
fused with h to a greater degree than with u. 

TABLE 3 


Percentage or Pupies at Each CA Lfvcl Making Each Tyit of Error 


CA 


N 

*d-b 

d-p 

d- 

q 

n-u 

n-h 

q-p 

q-b 

q-d 

b-d 

b-p 

b-q 

5-0 

to 

5-5 

14 

78 6 

50 0 

28 

6 

21 4 

28 6 

85 7 

28 6 

28 6 

78 5 

35 7 

35 7 

5-6 

to 

5-1 1 

40 

85 0 

37 5 

25 

0 

20 0 

27 5 

90 0 

37 5 

22 5 

80 0 

30 0 

30 0 

6-0 

to 

6-5 

34 

70 6 

20 6 

20 

6 

5 9 

5 9 

64,7 

8 8 

8 8 

55 9 

11.8 

20 6 

6-6 

to 

6-11 

38 

76 3 

26 3 

23 

7 

184 

28 9 

68 + 

23.7 

21 1 

71 1 

26 3 

21 1 

7-0 

to 

7-5 

16 

62.5 

12 5 

0. 

.0 

63 

12 5 

56.3 

0,0 

6 3 

56 3 

37 5 

18 8 

7-6 

to 

7-11 

8 

37 5 

25 0 

0 

0 

12 5 

12,5 

50 0 

25.0 

12 5 

37 5 

12 5 

OO 

8-0 

to 

8-5 

6 

66 7 

16 7 

16 

7 

0,0 

16 7 

66.7 

00 

00 

83.3 

167 

0,0 

8-6 

to 

8-11 

2 

50 0 

0.0 

0 

0 

50 0 

0.0 

50 0 

00 

50 0 

100. 

00 

50 0 

9 0 

to 

9-5 

0 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 

— 

9-6 

to 

9-U 

0 

— 

— 

— 

- 

— 

— 

— 

— 

— 

— 

— 

— 

10-0 

to 

10-5 

1 

100 

100 

100 


0 0 

00 

100 

0.0 

100 

100 

100 

100. 


means the pupil marked b instend of d. Similarly "d-p” means p 
was marked instend of d\ “n-u” means n was marked instead of n, etc 


Table 3 shows the percentage of childicn at each chronological 
age level who made the vanous types of cirors. Although, generally 
speaking, there was a decrease in the number of errors with in- 
creasing chronological age, it was by no means a consistent decrease. 
It is interesting to note fiom Table 4 that it was not until a 
chronological age of seven and one-half years was reached that 50 
per cent of the pupils of any age level were able to select d, < 7 , and b 
without error The letter n was apparently moic easily identified 
In striking contrast are Tables 5 and 6 which reveal a marked 
correspondence between increase in mental age and decrease in errors, 
particularly of the d, q, and b variety. It is interesting to note that 
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TABLE 4 


Percentage of Pupils at Each CA Level Selecting < i , «, q , and b 
Without Error 


CA 



N 


d 

only 


n 

only 

q 

only 


b 

only 

5-0 to 5-5 



14 


14.3 


50 0 

14 3 


14 3 

5-6 to 5-li 



40 


10 0 


52 5 

10.0 


12 5 

6-0 to 6-5 



34 


26 5 


76 5 

32.3 


41.2 

6-6 to 6-11 



33 


21 1 


65,8 

31.6 


26 3 

7-0 to 7-5 



16 


37 5 


81 3 

43 8 


25 0 

7-6 to 7-11 



8 


50 0 


75 0 

50 0 


50 0 

8-0 to 8-5 



6 


16,7 


66 7 

167 


16 7 

8-6 to 8-11 



2 


50.0 


50 0 

50 0 


0,0 

9-0 to 9-5 



0 


— 


— 




— 

9-6 to 9-11 



0 


— 


— 

... 




10-0 to 10-5 



1 


00 


00 

00 


0.0 





TABLE 5 





Percentage 

OF PUPllS 

at Each MA Level 

Making Each Type 

of Error 

MA 

N 

d-b 

d-p 

d-q 

n-u 

n-h 

q-p q-b 

q-d b-d 

b-p 

b-q 

4-6 to 4-11 

8 

100 0 

62 5 

25 0 

125 

37.5 100 0 62 5 

50 0 87 5 

50 0 

500 

5-0 to 5-5 

15 

867 

53 S 

40 0 

46 7 

26 7 

86 7 46 7 

46 7 93 3 

40 0 

+0 0 

5-6 to 5-11 

30 

867 

46,7 

33,3 

23 3 

40 0 

83 3 26 7 

16 7 80 0 

33 3 

40 0 

6-0 to 6-5 

34 

79 4 

23 5 

14 7 

38 

117 

82+ 8.8 

117 79 4 

20,6 

14.7 

6-6 to 6-11 

33 

72 7 

21.2 

18 2 

9 l 

15 l 

69.7 18 2 

15 l 60,6 

24 2 

18,2 

7-0 to 7-5 

23 

565 

8 7 

4 3 

88 

13 0 

56 5 174 

13,0 56.5 

174 

17.4 

7-6 to 7-11 

U 

363 

91 

18 2 

0,0 

9.1 

36.4 0 0 

0 0 27 3 

9 .1 

00 

8-0 to 8-5 

4 

2.5 0 

0,0 

0 0 

00 

00 

25 0 0 0 

0 0 25 0 

0 0 

00 

8-6 to 3-11 

0 

— 

— 

— 

— 

— 

— — 

— — 

— 

— 

9-0 to 9-5 

1 

1000 

00 

00 

00 

00 

00 0 0 

00 OG 

0,0 

oo 





TABLE 6 





Percentage 

or Pupils at Each MA Level Selecting d , n , q . 

ANO b 





Without Error 









d 


n 

q 


b 

MA 



N 


only 


only 

only 


only 

4-6 to 4-11 



8 


00 


37 5 

00 


0 0 

5-0 to 5-5 



15 


0.0 


26 7 

6.7 


00 

5-6 to 5-11 



30 


67 


43 3 

167 


100 

6-0 to 6-5 



34 


14 7 


70 6 

17 6 


14 7 

6-6 to 6-11 



33 


25 4 


81.8 

30 3 


36 4 

7-0 to 7-5 



23 


43 5 


73 9 

39 1 


39 1 

7-6 to 7-11 



11 


5+5 


90 9 

63 6 


63 6 

8-0 to 8-5 



4 


75 0 


100 0 

75.0 


75.0 

8-6 to 8-11 



0 


— 




— 


* 

9-0 to 9-5 



1 


0,0 


100 0 

100 0 


100 0 
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it was not until a mental age of eight years was reached that 75 per 
cent of the pupils made no cnor in selecting d, q , and b , while a 
mental age of six ami one-half yeais was sufficient for n. 

In analysing these tables to see whci e the greatest decrease in error 
comes, one cannot but be struck with the way in which the errors 
fall into groups The greatest decrease foi d-b , q-p, aod b-d is between 
the mental age intervals 7-0 to 7-5 and 7-6 to 7-1 1. The greatest 
increase in ability to select q and b without ciror also occurs at this 
point while that for d comes six months later All but two of the 
othei types of error fall between the 5-6 to 5-1 1 and 6-0 to 6-5 
intei vnls, and these come six months caihci Fiorn this one cannot 
but conclude that giowth in ability to distinguish between the 
letteis of the alphabet is closely allied with increasing mental age, 
that the majoiity of the letters aie easily distinguished, that the d-p, 
d-q, n-H, a-/i, q-b, q-d , b-p, and b-q confusions giow considerably less 
between the mental ages of five and six yeais, but it is not until 
a mental age of at least seven and one-half years is leached that there 
is <i distinct increase in ability to avoid d-b, p-q, and b-d confusions, 
and in ability to select d, q, and b without crior. At this point it is 
worth noting that in the writer’s eailici study the gicatest decrease 
til form and woid reversal enors appeared to fall between the mental 
age groups 5-0 to 5-5 and 5-6 to 5-1 1. 

It has long been known to cducatois that young children confuse 
b with, d, and p with <j very readily, and this mutter b^s renewed 
fresh attention in leccnt yeais from invcstigatois in the field of lead- 
ing disability. Accordingly it might not be out of place at this 
junctuie to considei what may be involved in this phenomenon, 
Orton has advanced his theory of lack of coitical dominance to 
explain why some children lead letters and words backwards The 
following quotation sets forth his viewpoint veiy clearly 

Pui the r, the difficulty in our cases of reading disability in 
differentiating p from q, and b from d and their tendency to 
copfvise palindromic woidii like not and ton and on and no sug- 
gest that the mnemonic recoid exists in the biain in both orien- 
tations, 

Letters are in themselves merely objects until they have 
come to acquire meaning through sound assoc nations oi through 
association in groups of sounds which constitute a word, We 
would therefore assume that in the pioccss of early visual 
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education, the stouge of memory images of letters and words 
occurs in both hemispheres, and that with the first efforts at 
learning to read the external visual stimuli irradiate equally 
into the association cortices of both hemispheres, and are there 
lecordcd in both dextrnd and aimstrnd orientation Images of 
objects require no definite orientation for recognition or dif- 
ferentiation, but when wc arc dealing with letters which have 
come by custom to be used in one orientation only, it is clear 
that the orientation of the recalled image must correspond with 
th a t of the presented symbol, or confusion will result 
This suggests the hypothesis that the process of learning to 
read entails the elision fiom the focus of attention of the con- 
fusing memory images of the nondominnnt hemisphere!) winch 
me m reversed form and ordei, and the selection of those 
which are correctly oriented and in correct sequence (3) 

Orton’s theory, expicssed above, would explain why d is confused 
with b, but it is difficult to see how it would explain why d is con- 
fused with p and q, If the letter d is swung on its own axis through 
an angle of 180 degrees it becomes p, and if it is turned completely 
oyer in an up and down direction it becomes q, Both of these posi- 
tions could theicfore be considered upside down inversions of H, 
Although the reversal errors aie much more frequent than the in- 
vasion errors, the writer is inclined to believe they are part of the 
same phenomenon 

Deal born (2) distinguishes between reversals, such as not for 
ton > and altciations in conect sequence of letters, such as flawing 
for farming. He states 

Reveisnls aie associated with left-handedness and left-cyed- 
ness, and the altei atioris are associated with deviations from 
the usual conditions of lateral dominance of hand nnd eye, 
as in ambidexterity of hand and eye, change of handedness and 
eyedness, and the combination of right-handedness ami left- 
eyedness or of left-handedness and right-eyedness In a large 
peicentage of the cases of alteration and in some cases of re- 
versal a condition of muscular unbalance of the eyes (heter- 
ophona) seems, as has been shown by Charles Sclzcr, to be n 
complicating factor 

Unfortunately the writer did not study the handedness and eyed- 
ness of the pupils used in this experiment and so is unable to throw 
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any light on this angle of the problem. However, the almost uni- 
versality with which the kindergarten children of this study made 
reversal errois, if supported by further investigations, and the very 
early age at which handedness and eyedness appear to be established, 
judged by such experimental literature as is available, would seem 
to be at variance with the above theories. There is much need for 
further extensive investigation to dctciminc the relationship, if any, 
between \ ever sal errors m reading and handedness and eyedness. 

The writer, having approached this pioblcm of reversals as a re- 
sult of her woik with young normal chtldren, has suggested the 
possibility that words to young childien arc independent of their 
absolute spatial position, and so a young child can recognize a word 
no matter m what position it may lie In her previous study she 
showed that the tendency to make reversal errors in a test of geo- 
metric foims and in one of words was practically universal with 
kindergarten children and that it decreased with increasing mental 
age and experience, This expci iment with letters shows similar re- 
sults There is a tendency for certain letters to be confused with 
each other and some of these confusions persist longer than others 
The upside down confusion, d-p, d-q , q-b ) q-d , b-p, b-q, and ji-u, is 
apparently largely overcome between the mental ages of five and one- 
half and six years, but the left-to-nght confusion not until a mental 
age of seven and onc-half years or moic. The writer has occasionally 
used this letter test with first-grade children with a mental age of 
more than six years who were failing to learn to read. Sometimes 
a child would mark the b * s as well as the d' s, then stop and erase the 
b’s , saying: "This faces tins way and that faces that way” Other 
children would mark all the Zds and d * s At the conclusion of the 
test the writer would point to the "model” letter, then to one after 
another of the letters marked by the child, asking: "Is this the same 
as that?” Some children replied in the affirmative to all. One or 
two said "Yes,” then added "This faces this way and that faces 
that way.” These observations were made on only one or two 
isolated cases but seemed to indicate that the child noted the dif- 
ference in orientation of the letters but did not consider that this 
fact made them different. This type of recognition would seem to be 
similar to that in which the child lccognizcs a chair no matter in 
which way the seat is facing. A chair turned upside down might 
possibly be another matter, however. The upside down position disr 
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torts an object more than the left to right inversion. Although 
some children might recognise it as a chair, it is conceivable that 
others would fail to see its resemblance in such a position. 

In her previous study the writer found that 8 per cent more boys 
than gills made form reversal errors and 10 per cent more word 
reversal errors. This indicated the possibility of a sex difference in 
the perception of words which might have some bearing on the fact 
that more hoys than girls develop into reading problems. These 
data were analysed to see what light they shed on tins same subject, 
and are presented in TabLe 7 


TABLE 7 

Percentage of Boys and Girls Making Each Type of Error 


Error 

Kindergarten 

Boys Girls 

(23)* (25) 

First 
Boy a 
(62) 

Grade 

Girls 

(49) 

d-b 

91 3 

96 0 

72 6 

55.1 

d-p 

47 8 

52 0 

24 2 

12,2 

d-q 

39.1 

32,0 

16.1 

10.2 

n-u 

26 1 

2+0 

16 l 

2 0 

n-h 

34 8 

36 0 

8 1 

20,4 

q-p 

95 6 

96 0 

75 8 

44 9 

q-b 

30.9 

560 

11 3 

10 2 

q-d 

17 4 

36 0 

16 1 

10 2 

b-d 

86.9 

88,0 

66 1 

53 0 

b-p 

34 8 

44 0 

24 2 

12 2 

b-q 

39 1 

440 

22 6 

6 1 


•Figures in parentheses indicate the number of subjects 


It is at once seen that there is no apparent sex difference among 
the kindergarten boys and girls. This is not unexpected since prac- 
tically all the kindergarten boys and girls made the b-d and p-q 
enors, and so whatever is operating to produce these cnors is com- 
mon to all In striking contrast are the first-grade results, however 
A larger peicentage of hoys than girls made 10 out of the 11 types 
of errors studied The only item in which the girls were poorer 
was in the n-h error, which is a different type of error than the 
inversions involved in the othcis From Table 1 it is seen that the 
first-giade girls weie slightly blighter than the first-grade boys, but 
the difference was less than the probable error of the score, and so 
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was probably not a significant difference. Accordingly, although the 
number of pupils is not large, the consistency with which the first- 
grade boys are inferior to the first-grade girls in discriminating 
between these letters would appear to indicate a genuine sex dif- 
ference and so would confiim the findings with geometric forms 
and words 


Summary and Conclusions 

The purpose of this experiment was to determine with what 
letters and to what extent unsclcctcd young children confuse the 
letters d, e y n } q, and b y respectively, the chief interest being directed 
toward the reversal type of crroi. 

A Letter Peiceptioti Test was devised for this purpose and given 
to 48 kindergarten and 111 first-grade children whose distribution 
of intelligence as measuicd by Stanford-Binct IQ’s proved to be a 
very normal one. 

The results revealed that a larger percentage of kindergarten than 
first-grade children made every type of ciror. Practically all kinder- 
garten children confused d with b y q with p y and b with d. A smaller 
but substantially large percentage of fiist-giade childicn made simi- 
lar errors. 

The errors, with one exception, fell into two groups, namely, re- 
versal errors and inversion enors. The one exception was the n-h 
error 

There was a maiked and consistent decrease in the percentage of 
children making errors with increase in mental age Between the 
mental ages of five and onc-half and six years there was a marked 
decrease in the percentage of childien making the following errors: 
n-u t n-h, q-b, q-d t d-p, d-q y b-p, b-q, The greatest increase in ability 
to avoid d-b y prq y and b-d enors, and in ability to select d, q y and b 
without any error whatever, did not occur until a mental age of at 
least seven and one-half years had been reached 

No evidence of a sex difference was found among the kindergarten 
children but a laiger percentage of fiist-giade boys than first-grade 
girls made 10 out of the 11 errois studied. The one exception was 
the n-h error which is a diffeient type of erior from the others 
This consistent difference suggests the piesencc of a ical sex dif- 
ference and corroborates the indications of a sex difference found 
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by the writer in her study of form reversal and word reversal 
errors It has an important bearing on first-grade reading in view 
of the larger number of boys who present serious reading difficulties. 

These data indicate that some letters of the alphabet are more 
difficult to discriminate than others The letters that are the most 
difficult to distinguish between are the pairs of letters that are the 
reversal of each othei Letters that are the upside down inversion 
of others are also difficult to differentiate but not nearly so difficult 
as reversals. Increase in ability to discriminate letters comes with 
increasing mental maturity and experience. This would fit in with 
a genetic theory of form perception. 

There are indications that children pass through certain stages 
before they are able to distinguish between b and d, p and q. In the 
first stage, for example, they confuse b with d, p, and q. Apparently 
the fact that all four letters consist of a circle and a stem is suf- 
ficient to establish their identity. In the second stage they confuse 
b with d but not with p and q. The direction of the stem is ap- 
parently a determining factor. In the third stage they consider 
b and d to be alike although they recognise that these letters face 
different ways In the final stage they recognise that b and d arc 
actually different letters The above indicates that young children 
recognise letters independently of their absolute spatial position. 
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UNE ETUDE DES LETTRES EMBROUILLANTES B, D, P, et Q 

(Resume) 

On a fait cettc experience dans le but de determiner nvee quelles lettres 
et A quel degr6 les jeunes enfants non choisis embrouillent les lettres 
e, n, c, et b, rcspectivement, I'mtdret principal itant dirig£ vers Ie type 
renvers6 d’erreur 
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Dana ce but on a fait un Test dc Perception dca LcUres et l'n fait subir 
4S 6J£ves du jardin des enfants et ft 111 diftves de premidre nnnde de 
1'dcole dlfimcntanc dont la distribution dc ^intelligence, mesuree par les 
QI Stanford-Binct, s’est montr£e tres norma !e 
Les rfoultnts- ont montrd qtte plus des dldvcs du jarclin des enfants que 
ceux <le iMccle elimentnire ont fait cliaque type d’erreur A pen prfts tons 
les Aleves du jardin des enfants ont einbroiiillG d avec b, q avec p, ct b 
avee d Un pourcentngc plus petit maia asse/ grand dca enfants de l’dcolc 
dldmentaiac ont fait des errenrs semblnblcs II y a cu une diminution dis- 
linctc et constante du pourcentagc des enfants qui ont fait des cncurs nvec 
l’avancemcnt tie IMgc mental. 

On n’a trouvS aucune Evidence dbine difference de sexe pnrmi les Olives 
du jardin des enfnnts, man un plus grand pourcentagc des gardens que 
des filles ont fmt dix sur les onze erreur9 6ludi£cs, la scule exception dtant 
1’erreur H-h qm n’est pas un type d’crreui renverse on inverti coinme les 
nutres Ccci corroborc les indications d'unc dilf£iertce de sexe trouv^e par 
I’auteiir dans son 6tude des erreurs renvcrs£es (le forme ct de mots 

Davidson 


EIN STUDIUM t)BER DIE VERWECIISLUNG DER BUCHSTABEN 

B, D, r, UND Q 

(Referat) 

Dei Zwcck dieses Experiments war die Fcstcllung, mit wclchen Bucli- 
strtben und au welclicm Grad iinausgcwahlte jimge Kinder die Buchstabcn 
dj e t », q, und b verwcchscln Das II auptintcrcsse wurde auf den Vert- 
auschungstyp von Irrtum gerlehtet 

Ein Buchstnbenwahrnclnmingstcst wurde ?u dicsem Zwcck aufgestcllt und 
48 Kindcrn des Kindergartens und 111 der cisten Strife (fir&t grade) 
gegeben, deien Intelljgenzvcrteilung nneb dem StQnfoid-Binct sich als 
normal zeigtc 

Die Eigcbmsse zcigcn, dass ein gmsseref Piozentsatz der Kinder des 
Kindergartens als der Kinder der eresten Stufe jeden Typ von Irrtum 
machen. East a lie Kinder des Kindergartens: verweehscltcii d mit b, q mit 
p, und b mit d Em kleinerer, aber hetrachtlich giosser Prozentsatz der 
Kinder crcsten Stufe machtcn uhnliche Fclilci. Es gab emc deuthchc und 
gleichmassige Abnalimc des Prozensatzca der Kinder bei einer Zunahmc dea 
geistigen Alters, die Feb lei machten 

Kcin Bcwcis eines Gesclilechtsimterschicdes unter den Kindcrn dea 
Kindergartens stellte sich herans, nber cin grossercr Prozentsatz der 
Knaben als der Mndchcn mnohten zclin. aus den elf imtersucliten Felilern, 
die eine Aussnahnic wai der Fehlcr mit ti-h, der nicht ein Vcrtauscluings- 
oder Umstellungstyp yon Irrtum ist, wie die niuleten Dies bestatigt 
Andeutungen einc9 Geschlechtsunterscbicdes, den von dei Verfasseun in 
ihrem Studium uber die Form- und Wortvertauschungsirrtumer gefunden 
wurde 


Davidson 
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A NOTE CONCERNING CEREBRAL DOMINANCE IN THE RAT 

R Yorkf Herren and Donald B Lindsley 

The fact that the two hnlvea of the bram arc mirrored counterparts of 
each othci, together with the reversals seen in reading, spelling, and stut- 
tering disabilities, has led Orton (4-6) to postulate that a pattern estab- 
lished. m the dominant hemisphere would, when activatcdj produce a 
response in harmonious orientation with the stimulus pattern, while the 
same pattein of the opposite or non-dominant hemisphere would, if ncti- 
vated uninhibitedly, produce a response the mirrored image of the stimulus 
pattern To test the hypothesis that comparable engrains in the two 
cerebral hemispheres, when activated, produce motor expressions which 
are mirrored counterparts of each other, the following experimentation was 
undertaken 

The handedness of 16 mature male rats was determined nfter the method 
of Tsai and Maurer (9), a method which lias been used by others, notably 
Peterson (7) The animals were starved for two days, and then placed in 
n round wire cage through the floor of which the round mouth of a bottle 
protiuded about a quarter of an inch The bottle was filled with fine 
bread crumbs and the number of times the animal reached in with each 
hand foi food was counted All animals were given SO trials a day for 
six days, both before and after operation 
With the exception of a few mixed responses on the first two dayB of 
testing, the rats all showed a definite preference for cither the right or 
left hand Twelve of the rata were left-handed and four right-handed in 
this food-reaching test As shown by Peterson (8) in a recent study thiB 
does not necessarily mean that a rat manifesting preferential use of a hand 
on this test will do so in different situations Ilowevci, since the preferen- 
tial pse of a hand in the food -reaching situation seems to remain stable in 
any one rat tested over a considerable period of time, and since the studies 
of Peterson as well as this one have shown that the destruction of tin ap- 
propriate area of the coitex contralateral to the preferred hand will cause 
a gradual shift to the use of the other hand following the operation, we 
have assumed that handedness as manifested by food-reaching tests is an 
index to the dominant hemisphere 

The animals, regardless of handedness, were then all trained to run a 
simple, inclosed maze (Figuic 1), which when turned over afforded a maze 
pattern the mirrored counterpart of the original All animals were allowed 
to overlcarn the maze in an effoit to equate the dull with the more intelli- 
gent animals After the maze had been tun for eight days with no improve- 
ment, the animals were operated 
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FIGURE I 

A Simple, Inclosed Maze Which Can he Turned Over to Afford a 
Pattern of thf Opposite Orientation 
S is the starting chamber, F the food box 

Under sodium amytnl anaesthesia (6 mgms per 150 grams body weight, 
injected intraperitoneally) the dominant hemisphere, as indicated by the 
handedness, was exposed and cauterized as widely as passible The inci- 
sions were then closed under aseptic precautions and the animals allowed 
to recover. After a two-week convalescent period the animals were divided 
into two groups by random selection, One group ran n maze the mirrored 
image of the original, while the other group ran the maze in its original 
orientation In the post-operative maze running, no attempt was mode to 
have both groups run their respective mazes perfectly, the experiment being 
terminated when the rats of one group successively ran the maze without 
bettering their scores in time or errors. 

At the termination of the experiment each animal was autopsicd Serial 
sections of the brain were cut, stained with cresyl violet, counter-stained 
with Morgan's stain, and examined microscopically to eliminate those 
animals with cxtracortical lesions and to determine the extent of cortical 
ablation. This was accomplished by cutting serial, coronal sections ten 
mtcrii thick and drawing every tenth section. The amount of damaged 
and undamaged surface cortex wna actually measured from these draw- 
ings No attempt wns mnde to measure the hippocampal or concealed 
cortex The measurements were then expressed as the percentage destruc- 
tion of the total neo-cortex of n hemisphere. It was found that the average 



SHORT ARTICLES AND NOTES 


471 


extent of destruction in the two groups of animals was very nearly the 
same, being 33 0 per cent (range 271 to 42 9) in the group running the 
maze in the original orientation and 32 4 per cent (range 210 to 39 0) in 
the group lunmng the mirrored maze The destructions in all cases in- 
volved chiefly the motor and common sensory areas of the cortex, although 
in evety case the visual area was invaded to some extent and In a few 
cases the lesions extended into the auditory area 
If, according to Oiton nnd others, the cngramic representation in the non- 
dominant hemisphere, when freed largely from the influence of the dominant 
hemisphere, expresses itself in a motor pnttern, the mirrored image of that 
which is the ordmaiy expression of tile dominant hemisphere, we might 
expect that lats with a substantial percentage of their dominant hemisphere 
destroyed would show a better performance on the mirrored maze than 
the group delegated to run the maze in its original orientation We have 
found, on the contrary, that at the end of the ninth trial nil of the group 
running the maze in its original orientation had reduced their time and 
error scores to the level at which they completed their initial learning prior 
to the operation, whereas only one of the group running the ma« in mir- 
rored orientation had reached that level of efficiency The average time 
and erior scores for the former group at the end of the ninth trial fol- 
lowing the operation were 4.5 seconds and 0 errors The average scores 
for the latter group on the ninth trial were 12 0 seconds and 2 errors 
The one exception to violate the rule of poorer performance in the group 
running the mirrored maze, namely rat 5, had the least cortical destruction 
of any of the rats in either group — 21 per cent Although Laalilcy nnd 
Wiley (3) report in a recent study that there is no critical amount of 
destruction below which lesions me relatively ineffective, yet the continuous 
curve of such relationships which they present shows a markedly accelerated 
form for lesions above 15 tq 20 P er cent Hence it is quite possible that 
rat 5 with as little as 10 to 11 per cent destruction (based, ns Lashlcy'a 
percentages were, upon the entire neo-cortex of both hemispheres) had 
sufficient amount of the dominant hemisphere left to enable him to learn 
the mnrored maze as a new pattern In agreement with this explanation, 
rat 5 did not exhibit a complete transfer of handedness in the post-operative 
tests but manifested considerable degree of nmbidexterity throughout It 
19 perhaps reasonable to suppose that the rest of the animals which per- 
foimecl on the mirrored maze had sufficient amount of the dominant hem- 
isphere destioyed to render them incapable of such reorganization, and 
had only the engram of the non-dominant hemisphere to guide them It 
is, of course, entirely possible that these rats might have learned the tnir- 
roicd maze ns a new pattern with the remaining portion of the dominant 
hemisphere, although the statistically significant tendency on the part of 
these animals to make errois in the mirrored maze which corresponded to 
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correct responses in the original maze pattern argues ngainst this possibility, 
Our results therefore suggest that in the rat the engrammte representation 
for tins maze pattern is identical in the two hemispheres with respect to 
orientation This is contrary to the engrain orientation of the two hem- 
ispheres which has been suggested by clinical and experimental material 
concerning the expression of motor patterns in man. The difference might 
be attributed to a variation in ncinal development in rats and men, for 
although Fortnyn (2) and Craigic (1) both concluded from histological 
studies that the rat has the same coitical laminations a a man, there are 
of course differences in complexity The additional fact that a preferential 
use of one hand in reaching for food may be shifted to the other hand by 
nppropnatc destruction of cortical tissue in the dominant hemisphere, pre- 
sumably on a preferential basis without observable paralysis, suggests a 
significant degree of similarity in neural function so far as possible 
dominance of one hemisphere over another is concerned It was thought, 
however, that the results reported here may have been conditioned by the 
fact that maze running is a task involving the entire organism as opposed 
to the activity of a part, an example of which in human activity would 
be writing 
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THE INFLUENCE OF THE TEACHER’S HANDEDNESS ON CHIL- 
DREN’S REVERSAL TENDENCIES IN WRITING 

Winifred Day Kirk and Samuel A Kirk 

It has frequently been reported that mirror-writing is more common amorE 
left-handed than among right-handed children [Beelcy (I), Burt (2), Car- 
michael and Cashtnan (3) and Gordon (5) One explanation offered for 
the difference is related to discrepancies between the handedness of the 
teacher and that of the child [Dearborn (4) and Kirk (7)]. For ex- 
ample, the left-handed child may conceive of writing in motor terms, sub- 
ordinating visual imagery, It is apparent that if the child whose handed- 
ness differs fiom that of his teacher attempts to lcproduce the tnoltOji made 
in writing rather than the appearance of the symbol, his result will be 
a mirrored reversal of the symbol, If the teacher's right hand moves from 
the center of her body outward, and the left-handed child repeats a cor- 
responding movement with his left hand moving from the center of his 
body outward, his movement will be the reverse of the teacher's 

Hegge, Sears and Kirk (6) report the successful treatment of a left- 
handed mirror-wnter by temporarily changing the handedness of the 
teacher. It was noted that the child repeated the correct motion, though 
reversed by the use of her left hand When the teacher shifted to his left 
hand in writing at the blackboard, the child imitated the motions correctly, 
forming the letters in proper orientation The authors believed that it 
was this change which corrected reversal tendencies in the child There 
has been no experimental evidence, however, to show that the left-handed 
child does repeat the motion rather than the appearance of letters. Neither 
has the theory been disproved In an attempt to find evidence either for 
or against the theory, the following expeiimcnt wa9 conducted 


Subjects 

The subjects consisted of 51 mentally retarded childicn from the lower 
educational range of the Wayne County Training School (32 right-handed 
and 19 left-handed clnldien) and 37 normal and superior children from the 
kindergarten and first grade of the Elementary School of the University of 
Michigan (32 right-handed and five left-handed children) The two types 
of children were similar in ment.il age and educational standing They 
were all non-readers or fiist-grade renders Chronological ages, however, 
were quite different— showing no overlapping between the ranges of the 
two types The superior children ranged from four to seven years, the 
subnormal, from seven and one-half to fourteen and onc-hnlf years 
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Procedure 

Each subject was presented individually with both lists of figures Hhown 
tn Figure 1 Four types of presentation were used, however, and both left- 

11st A List 5 
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FIGURE 1 


and right-handed subjects were divided evenly into four corresponding 
groups, ns follows’ 

For subjects of Group I, LiBt A was picsentcd with the left 
hand, then List B with the right. 

For subjects in Group II, List A was presented with the right 
iiand, then List B with the left. 

For subjects in Group III, List B was presented with the left 
hand, then List A with the right 

For subjects in Group IV, List B was presented with the right 
hand, then List A with the left 

This grouping was made for the purpose of controlling {a) the possibility 
of the figures presented first influencing the responses to the figures presented 
last; and (b) the possibility of any intrinsic revcrsability of the figures. 

After careful directions had been given to the child, the figures were 
drawn on the blackboard with somewhat exaggerated motion and in ymy 
large slve (12 to 18 inches in height) As soon ns one drawing wns com- 
pleted, the experimenter stepped in front of it and erased it, while the 
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child drew what he had seen (The hnnd spontaneously used by the child 
was considered his preferred hand,) 


Results 

The results of all presentations made with the same hand as that used by 
the child were grouped together and compared with the results of all 
piesentations made with the hand opposite to that used by the child This 
was possible since the variable factors mentioned above were controlled 
by the experimental procedure. The results for all right-handed and all 
left-handed subjects are given in Table 1 (No differentiation here was 


TADLE 1 

Showing Reversals Made dy Chudren When Eypprimentpr Uses Same 
and Opposite Hand 


Hand used by 
experimenter 

Right-handed 

subjects 

Same Opp 

Left-handed 

subjects 

Same Opp. 

Total 

Same Opp 

Number of cases 

64 

64 

24 

24 

88 

88 

Total number reversals 

73 

30 

23 

18 

96 

98 

Mean number reveisals 

1 1+ 

1 25 

96 

75 

1 09 

1.11 

Diff 
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1 16 


055 

% making more re- 







versals than when E 







uses other hand 

33 

28 

42 

21 

34 

27 


made between the results of subnormal and superior children, since, as will 
be seen in Table 2, the slight differences between results were in the same 
direction for both types ) 


TABLE 2 

Showing Reversals Made dy Subnormal and Superior Chiidren 


Hand used by 
experimenter 

All right-handed 
subjects 

Subnormal Superior 

SOSO 

All right- 
hnndcd 
Subnormal 

and left- 
subjects 
Superior 

Number of cases 

32 

32 

32 

32 

51 

37 

Average IQ 

62 

62 

120 

120 

64 

121 

Total no ievers.ils 

28 

29 

45 

51 

91 

103 

Mean no reversals 

88 

91 

1,41 

159 178 

2 78 

Diff 







I 5 E f llff 





3 3 



476 SHORT ARTICLES AND NOTES 

Table 1 shows that for neither the right-handed subjects nor the left- 
handed subjects was there found n reliable difference between the reversals 
mnde when the experiment ei used the same hand as the child’s and when 
he used the opposite hand. The data waa also analyzed to ace if a greater 
percentage of the subjects made more reversals when the experimenter 
used one hand tlinn when he used the other. By this criterion the differences 
are again slight, and even tend to show more reversals when the experi- 
menter used the same hand. When all 88 subjects aie giouped together, 
icgardlcss of handedness, the results nre still less significant, 

Furthermore, the data on our few cases show no difference between the 
aveiage number of reversals made by the light- and left-handed children 
This could he calculated only for the subnormal children since of the 
normal and superior children only five were left-handed The 19 left- 
handed subnormals made an average of 1 79 reversals, while the 32 right- 
handed subnormals made an average of 1 78 reversals 

The only reliable difference found was that between the reversals made 
by the subnormal children as compared with those mnde by the superior 
children. These data arc presented in Table 3 The slight differences be- 
tween presentations with same and opposite hands tend in the same direction 
for both types of children When we compare the mean number of re- 
versals for nil subnormal children (178) with the mean for all superior 
children (2,78) we find a statistically significant difference, This indicates 
that the younger (superior) children made appreciably more reversals than 
did the older (subnormal) ones, This is very possibly due to the difference 
in chronological ages, and tends to explain why (in Table 1) the right- 
handed children seemed to make more reversals than did the left-handed 
children — all but five of the left-handed childien were subnormal. The 
results tend to corroborate the theory that orientation in rending and wilt- 
ing is based on maturation and experiential fnctors and has a tendency to 
improve with age and experience 


CoNciuaioNs 

1. The hand used by the experimenter did not determine reversals made 
by children of the opposite hand preference Our results offer no ex- 
planation of why mirror-writing should be more frequent among left- 
handed children than among right-handed children 

2 Among the small group of subnormal children studied, the left- 
handed subjects did not make more reversals than the right-handed sub- 
jects 

3 The younger (superior) childien made mote rcveisals than did the 
older (subnormal) children The indication seems to be that correct orien- 
tation in writing is based on maturation or cxpcncntinl fnctors or both 
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DELAYED RECALL OF PREVIOUSLY MEMORIZED MATERIAL 
AFTER TWENTY YEARS 

Madorah E Smith 

This study is an analysis of the degree of recall and factors determining 
the remembiance of poi hons of material memorized perfectly some 30 years 
previously and not reviewed or recalled for at least 20 years 
The material so memorized was the entire number of 107 answers to 
the questions in the Westminster Shorter Cntechi9in, a task which the 
writer began a few days after her eighth birthday and finished during 
her thirteenth year The method followed was one of distributed practice 
The task of memorizing one new answer wns assigned the child each 
Sunday but after every ten answers so learned reviews of answers learned 
90 far were interspersed At the time of each recitation the meaning of 
the answer iv as carefully explained, After the catechism had been gone 
through in this manner once, a review followed d unrig which the task 
consisted of relearning from five to ten answers each Sunday until it was 
thought that sufficient mastery had been secured to enable die child to 
repeat at one sitting the answers to all the questions in order This was 
successfully accomplished when Bhe was twelve years old 
The emller answers weifi oveilearned to a greater extent than the 
later not only because they were more frequently reviewed in the procedure 
described above, but also because there was incidental practice in listening 
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to and hearing the recitations of younger members of the family still in 
the earlier part of the book and through the nature of the Sunday lesson 
assigned as a substitute when the catechism had been lcnrned This was 
the learning of the proof texts appended to the answers As this new 
task was begun but never finished, the earlier questions again received 
attention, the latter did not, Exposure to the incidental reviews at home 
and elsewhere became less frequent upon the child's departure to boarding 
school and cen9ed altogether more than twenty years ago. Recently the 
catechism coming to hand suggested that here was an opportunity to study 
some factors involved in an unusually delayed recall 

Recitation of the answers wns therefore again attempted nnd it was 
found that 54 or 50 per cent of them could still be given perfectly in 
response to the questions, 44 more with a little prompting, and the remain* 
ing nine answers could be recalled only after considerable help. 

As it was realized that the first part of the book had received more 
practice than the rest and it was noted that the first 11 answers had been 
perfectly repeated but none of the last 14, the answers were divided into 
five groups of 21 or 22 each according to their numerical sequence. The 
percentage of correct answers in the groups in order were 71, 68, 38, 59 
nnd 19 each But the third and fourth groups contained twelve questions 
asking for the "new commandment, 1 ’ "preface to the ten commandments,” 
nnd each of the commandments, nil of which had received some intervening 
incidentn! recall during the period of disuse of the remainder of the 
material and they weic all perfectly known. Not counting these answers 
then, the percentage of right answers in groups three and four becomes 
32 and 17 respectively. Evidently primacy and extra repetitions in the past 
were an important factor in determining present recall 

There is n great variation in the length of the different answers, the 
number of words in them ranging from eight to 60 words exclusive of 
the two longest commandments. Separating the anawcis into groups ac- 
cording to their length and excluding the commandments again, it was 
found that 73 per cent of those with 20 words and less were perfectly 
recalled, 56 per cent of those with 21 to 30 words, 19 per cent each of those 
in the groups of 31 to 40 and 41 to 50 words and one of those which 
exceeded SO words in length That there is a relation of present recall 
to length of answer seems evident. 

In answering the questions, considerable help was received both at the 
time of first learning and at the recent attempt to recall from the fact that 
in several of the answers some of the words in the questions were repeated 
with only such changes as nrc necessary in changing an intermgative 
sentence to a declarative Accordingly the answers were again separated 
into three groups, those in which more than ten words of the question 
were repented In the answer, those in which five to nine words were, nnd 
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those in which less than five were Of the first group, 73 per ccntj of 
the second, 38 per cent, anti of the third, only 36 per cent had been 
perfectly recited, But if we do not include those answers which, although 
repeating the words of the question, do not do so in practically the same 
sequence or only after or when interspersed with long phrases and clauses, 
67 per cent of the first, 5+ per cent of the second and 43 per cent of the 
third group had been still remembered correctly 
The answers Were next studied to determine the effect of pleasantness 
and unpleasantness on delayed recall Some of them refer to God’s 
providences, benefits bestowed upon man in this life or in heaven and 
salvation Such answers for one who believed them implicitly as the child 
did were felt to have a pleasant connotation while those that dealt with 
duties, "man's estate of Bin and misery,” the wrath of God and punish- 
ment were considered to have an unpleasant meaning Some questions 
were about evenly divided between unpleasantness and pleasantness and 
were classed in a separate group, A third classification was of anssvers 
that were neutral in tone, mainly those that were purely theological When 
the answers were thus classified, It was found that 32 per cent of the 41 
"unpleasant” answers were remembered, 15 or 52 per cent of the 29 neutral, 
but only 11 or 73 per cent of "pleasant” were recalled. Of the nine which 
contained both elements only two were remembered exnctly, 

Another method of studying this same factor was tried, in an endeavor 
to separate its effect from that of the other factors affecting the ease of 
recall To do this each answer was given a difficulty score by assigning 
n value of zero to those containing 20 words or less and adding one point 
for each additional ten words or fraction thereof up to 50, plua one point 
if it was in the third quintile in numerical order of questions and two points 
if in the fourth or fifth quintiles; plus one score point if the answer repeated 
from five to nine words, two if less than five words of the question, and 
an extra point if such repetition was not in the helpful sequence. Results 
are shown in the following table 

TABLE 1 


Number of Answers Correct In Relation To Difficulty Score 


Difficulty score 

0 

1 

2 

3 

4 

5 

6 

7 


Perfect recall 

2 

7 

13 

4 

10 

5 

0 

1 

43 

Not perfect 

0 

0 

2 

8 

14 

12 

9 

8 

53 

(The 

commandments 

are 

not included) 





When one studied the answers not known, although easy enough to scote 
foui or below, and those known, even if scoring three anti above, it was 
found that of the former 64 per cent dealt with unpleasant topics, 28 per cent 
were neutial and only 8 per cent pleasant but o-f the latter 42 per cent were 
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unpleasant, 37 per cent neutral, and 21 per cent pleasant There h there- 
fore an excess of 22 per cent of the unpleasant among the unicmembercd 
group ami of 13 per cent of the pleasant in the recalled group. One of 
the answers pertaining to duty yet remembered treated of the sanctification 
of the Sabhath and was frequently referred to in the home as guide for 
determining the propriety of various occupations on that day. It might 
almost have been included m the specially overle.tmed group. Of the 
two easiest answers forgotten, one (No 36) lists a scries of five phrases 
describing benefits which have no obvious logical connection and thus 
presents a difficulty not measured The hardest answer remembered 
(No 87) waa classed as containing both pleasant and unpleasant ideas, 
Perhaps “repentance unto life’ 1 which, although leftrnng to the sinner's 
sin and hatred of it, is more pleasant than otherwise with its emphasis on 
a “saving grace” and “God’s mercy,” 


TA11LE 2 

Numbers of Answers Recall™ Plri ictlv and Tjiosi Not So Rlcalled 
Wiui Thur Diiiicuity Scoris 


No. 

Score 

Recalled 

No 

Score 

No 

Not 

Score 

recalled 

No 

Score 

1 

2 

41 

1 

12 

4 

71 

4 

2 

2 

12 

coin 

13 

3 

72 

4 

3 

1 

43 

com 

16 

5 

74 

4 

4- 

2 

45 

com 

12 

3 

75 

4 

S 

2 

49 

corn 

19 

4 

77 

5 

6 

3 

51 

3 

20 

3 

78 

4 

7 

2 

S3 

com 

25 

3 

81 

5 

8 

2 

57 

com 

26 

2 

85 

5 

9 

2 

60 

S 

27 

5 

86 

5 

10 

2 

63 

com. 

33 

4 

89 

6 

11 

2 

64 

4 

35 

4 

90 

5 

14 

2 

66 

5 

36 

2 

91 

5 

15 

0 

67 

com 

38 

4 

94 

7 

17 

1 

68 

4- 

41 

3 

95 

6 

21 

4 

69 

4 

46 

4 

96 

7 

2? 

4 

70 

turn, 

47 

5 

97 

7 

23 

2 

73 

com 

48 

4 

98 

6 

24 

2 

76 

com 

50 

4 

99 

6 

25 

4 

79 ' 

com 

51 

3 

100 

6 

29 

1 

80 

5 

51 

3 

101 

7 

30 

1 

82 

2 

55 

3 

102 

7 

31 

5 

S3 

4 

56 

4 

103 

7 

32 

1 

84 

4 

58 

5 

104 

6 

34 

3 

87 

7 

59 

6 

105 

7 

37 

5 

88 

4 

61 

5 

106 

6 

39 

1 

93 

5 

62 

4 

107 

7 

40 

0 

93 

3 

65 

5 
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To summarize this study of recall after over 20 years’ 

1 Fifty per cent of the originally memorized material Tvhich consisted 
of 107 answers to questions in the Westminster Shorter Catcchiam was 
still lemembeJrcd perfectly and only 8 per cent of the answers required 
more than a little prompting, 

2 Frequency of repetition during the period of original learning, either 
on account of more frequent reviews, incidental outside contact, or special 
stress at the time of learning as m the case of number 60, was an im- 
portant factor m determining which answer would be recalled 

3 None of the material which received incidental recall during the 20 
years of no practice was forgotten, 

4 The ease of the answer as determined by its length and the number 
of words from the question repeated at the beginning of the answer was 
another factor determining recall 

5 Those answers with the pleasanter connotation were better remem- 
bered than those with an unpleasant significance 

Unwemty of Hawaii, 

Honolulu, Hawaii 


NOTICE CONCERNING DISCONTINUANCE OF FOREIGN 
LANGUAGE ABSTRACTS 

Carl Murchison 

Because of the general lag in publication, and the relatively large amount 
of total space occupied by foreign language abstracts, wc have decided to dis- 
continue the publication of these French and German abstracts We will 
publish such abstracts as have already been arianged for, but will be unable 
to prepare additional ones This change in policy Will release for publica- 
tion purposes approximately 100 pages of apace, annually, in the various jour- 
nals under this editorial supervision 

Clark University Press 
Woieeslei, Massachusetts 
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Carl Murchison [Ed.] A Handbook of Child Psychology (2nd ed, 
rev.) Worcester, Mass • Clark University Press, 1933 Tp xn + 956 

The first edition of the Handbook of Child Psychology was nn enormously 
important contribution It presented a summary of an amazingly rich 
collection of scientific studies, the material of which was but imperfectly 
known by psychologists generally, and the very existence of which had 
hardly been hinted at, even, by the rather popularized elementary text- 
books which were, at least until that time, the only general presentations 
of the work in this field In fact, the first edition was such a very significant 
landmark m the history of child psychology that one might he forgiven for 
attempting to lewnte the story of Cinderella, taking the field of child psy- 
chology as the modern Cinderella — hard -working, faithful, and skilled at 
many tasks, though sneered at by her haughty sisters in psychology and 
compelled by them to sit in the corner of the kitchen — and casting the 
editor and authors of the Handbook as the fairy godmother who arrays 
Cinderella in garments befitting her excellent nature, thus producing a recog- 
nition of her real worth 

But if the first edition was Cinderella nftci her fairy godmother first 
decked her out, the second edition is Cinderella after the fairy godmother 
had sent her to college, fed her on Bpmnch and vitnmmcs, and gathered 
together some additional good qualities which even Cinderella herself did 
not realize that she possessed, and which the godmother previously over- 
looked because there was so much else to do in the excitement of getting 
the young lady to the ball for the first time. There arc few books that a 
psychologist might own which would do more to keep him abreast of the 
work in his field than the otic under discussion The more recent Hand- 
book of General Experimental Psychology and Handbook of Social Psy- 
chology are even larger volumes ; but if one were to remove from these 
three books the material contributed by biologists and physiologists, it is 
not at all sure that the present volume would take even second rank with 
respect to the quantity and quality of scientific work — and. work of general 
psychological interest, at that — represented m them 

Main Changes from the First Edition 

The decided Increase in length is the fust change that impresses one 
The first edition was no Blight volume, but the second edition, tnking into 
account the increase both In the number and in ihe size of the pages, ha9 
had the actual text increased by approximately 43 per cent 

The second change one notices 19 that the 2+ chapters of this edition have 
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been grouped into five parts dealing respectively with the methods of child 
psychology, the development of behavior before birth, the development of 
behavior aftei* birth, factors that modify child behavior, and studies of 
special groups This new mechanical feature of the book has decided 
value, for, in the main, the chapters fall legitimately into these five divi- 
sions, and it helps the reader to see the material in proper relationship 
when this organization is given. 

The most important modification, however, consists m the changes m 
the composition of the Ha?idbook In fact, one would be about half justi- 
fied in speaking of this edition, not as a revision, but as a new book, be- 
cause eight of the 22 chapters of the first edition have been eliminated, and 
ten new chapters, occupying 48 pei cent of the space in this second edition, 
have been substituted for them Of these new chapters, three are to some 
degree substitutions for certain chapters omitted in the revision, but even 
disregarding these three, the other seven new chapters comprise 37 pcL 
cent of the new edition. A stronger and better-balanced volume has been 
produced by these changes. Nevertheless, the chapters omitted had con- 
siderable merit, and if they give the first edition of the Handbook a con- 
tinuing usefulness tins fact would not be at all surprising To those who 
are familiar with the first edition this will be apparent from the following 
list of the chapters omitted 

“Eating, sleeping, and elimination,’' by Helen T Woolley, 

“The experimental construction of an environment optimal for 
mental growth," by Susan Isaacs, 

“The developmental psychology of twinsV’ by Arnold Geaell, 
“Physical growth and motor development and their relation to 
mental development in children," by Beth Wellman, 

“Children’s drawings,’ 1 by Florence Goodenough, 

“Childien’s plays, games, and amusements,’’ by Helen Marshall, 
“Children’s dreams,” by C W Kimmins, 

“Psychoanalysis of the child,” by Anna Freud 

The preface to the second edition explains these omissions by saying 
that “Chapters on topics, not subjected to continued research have been 
omitted,” This may indeed account for several chapters, However, it would 
seem that a more important reason, with some of the chapters at least, was 
that they were too restricted in scope The topic of childien’s dreams, for 
example, is nri interesting one, but, as a subordinate part of the phenomena 
of personality in children, it is by no means coordinate in scope with the 
other chapters So likewise with a number of the other chapters omitted 
The chapters that have been added are scattered thiough all of the 
five parts except the first. However, it wvli ht noticed fiam the following, 
list of new chapters that the topic which has received most additional 
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stress is the topic of prenatal and infant development, Not only do four 
of the new chapters deal principally with this period, hut it is to be noted 
in addition that the chapter by Cainuchael is so extensive that it occupies 
one-sevetith of the space in the book, instead of the one twcnty-foui th that 
might be considered its nominal share The added chapters are 

"Oiigin and prenatal growth of behavior/' by Leonard Car- 
michael, 

“The neonate/' by Karl Pratt, 

"Maturation and the patterning of behavior/’ by Arnold Gcsell, 
"Locomotor and visual-manual functions in the first two 
years,” by Mary Shirley, 

"The measurement of mental giowth," by Florence Good- 
enough, 

"Sex differences,” by Betb Wellman, 

“Speech pathology/’ by Lee Edward Travis, 

"The physiological appetites,” by William E Blat7, 

“The child with difficulties of adjustment/’ by Phyllis Blanchard, 

“The adolescent child,” by Lcta S. llollingworth 

These omissions and additions arc not the only changes in content, how- 
ever All of the fourteen chapters carried over from the first edition 
have been revised to some extent, except the chapters by Piaget, Kluver, 
and Margaret Mend. The extent of these revisions is indicated with some 
mensure of accuracy by the fact that in the eleven chapters tlnlt have been 
revised, the number of references listed has jumped from 860 to 1382 
However, the amount of change differs greatly m the various chapters 
In certain eases the only changes were the inscition of brief discussions 
of a few new references. Other chapters have been worked over very 
completely — particularly the chapteis on "Emotional development” by Mary 
Cover Jones and on “The gifted child” by Lewis M Tcrman and Barbara 
Burka Fairly extensive changes have been made in the chapter on "Chil- 
dren’s morals” by Vernon Jones Further comments on these changes will 
be made below in discussing the individual chapters 


Discussion And Criticism of Tint Individual Chatters 

This section of the review will not aim at completeness As already noted, 
about half of the chapters in this edition remain at least in great part as 
they were in the first edition These will receive relatively little comment 
here, both because many psychologists will ah catty have foimctl first-hand 
impressions of them, nnd also because the first edition received n rather 
full nnd exceedingly splendid review by Baiba ra Burks (/ Genet, Psychol , 
1932, 41, 240-248) Any rentier who desires a full discussion of this second 
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edition is advised to refer to Misa Burks’ review alao, because the following 
comments arc intended to supplement her earlier comments rather than 
to repent nr hat has previous)} been sajJ Even with this restriction, how- 
ever, there will hardly be space for the citation of evidence to support 
the evaluations made, and the review will have to be rather dogmatic m 
character The chapters are discussed in the order of their occurrence in 
this edition 

Part I is composed of the rather mechanical and uninspired chapter by 
John E Andeison on “The methods of child psychology” In the revision, 
a few insertions of new material have been made (as, for example, some 
new citations of discussions and illustrations of methodology, and brief 
discussions of psychoanalysis and of factor analysis as methods of child 
psychology) , but except for such minor changes the chapter stands un- 
changed At scattered points Anderson’s comments are highly cogent, but 
at quite a few other points (see pp 8-9, for example) the discussion is 
wabbly and even misses the essential points entirely. The chapter would 
be considerably improved if it were overhauled thoroughly from the stand- 
point of the clearness and precision of its thinking The organization 
would be much improved if the discussion of particular methods, which 
occupies the largest part of the chapter, had dealt sepal atcly with the 
methods related to what the author descnbes as the two fundamental 
methods of approach in research in child psychology — the normative 
approach on the one hand, and the law-yielding Oi nomothetical 
(what he unwisely calls the "experimental”) approach on the other hand 
Hia consideration of these two things together results in jumbling the dis- 
cussion somewhat, and in slighting rather seriously the methods related 
to the normative approach, Another weakness of this section is (fiat the 
methods are discussed without relating them to the problems on which they 
are used As the chapter stands, it contributes little to the purpose of the 
volume to minister to the needs of those already fairly well at home in child 
psychology' 

Tart II is composed of the single new chapter by Leonard Carmichael 
on the "Origins and prenatal growth of behavior,” The chapter is a very 
capable and scholarly piece of work, and gives a careful and critical review 
of a great range of important experimental work The first two-fifths of 
the chapter describes the work on infra-human development, discussing 
m successive sections the lower veitebratcs, birds, marsupials, rodents, and 
cats The remainder of the chapter discusses human fetal development) 
giving a history of theories regarding the nature of prenatal development, 
and discussing successively the means of expressing and estimating fetal 
age, the general bodily development of fetuses, non-operniive studies of 
behavior development in fetuses, studies of behavior in operatively removed 
fetuses, the special senses rn human prenatal life, and the question of what 
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factors cause the development of prenatal behavior. The chapter is not an 
easy one to rend, crammed with factual material as it is, However, the 
material is of considerable significance because of its bearing on a number 
of important and highly controversial subjects in psychology, and the 
chapter richly repays anyone who works through it The only serious 
adverse criticism is that no treatment is given (except in connection with 
the problem of breathing responses) to the question of whflt effect chemical 
factors have on the behavior of Lhc fetus and, indirectly, on behavior in 
later yenr 9 . Just gs textbooks in embryology have so consistently re- 
stricted their discussions to anatomical structure and have neglected the 
physiological aspects of development, so it ia understandable that psy- 
chologists would tend to think of fetal behavior in terms of reactions to 
stimuli, and would neglect the possible iniluence of chemical factors. There 
is enough known to suggest that such influences are exerted, and the prob- 
lem is important enough as a research field to have wai ranted the presen- 
tation of what knowledge there is 

Part III, on “Development of child behavior after birth," is the longest 
division of the Handbook , its ten chapters comprising 42 per cent of the 
total The chapters within this division arc arranged at least roughly in 
the order of complexity of subject matter, the early chapters being con- 
cerned largely with matin ationnl effects, and the later ones dealing with 
behavior that involves more and more the influence of cultural factors 
The first chapter in this division, by Karl Pratt on “The neonate," is so 
closely allied to Carmichael's tlmt it may be well to speak in terms of the 
comparison between them. Of the two, Pratt’s chapter is somewhat more 
readable, but less complete in its utilization of available material, and 
somewhat less mature In its critical evaluations and general theory Its 
discussion of nconatnl sensitivity is thorough, but its description of the 
reflex equipment and patterns of response of the neonate is rather sketchy 
On the latter topic the serious render would do well to supplement this 
presentation with several articles by Wayne Dennis in the last few years 
A few scattered corrections are needed, ns in the statement implying that 
the galvanic skin reflex is not to be observed in the first year, and in the 
statement that the Russian physiologists have maintained that conditioned 
reflexes cannot be established below the age of about three to five months 
In the main, however, the chapter is a very good piece of work, and is 
a definitely valuable addition to the Handbook 
Arnold Gcsell’s “Maturation and the patterning of behavior" overlaps 
in a few respects some of the material in the chapter in the first edition 
by the same author, on "The developmental psychology of twins ” However, 
the main purposes of the two chnpters arc different, and the largest part 
of the material in the first edition is not included in this, Here one finds 
primarily n general disquisition on the principle ihnt the “manifestations of 
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development , , , come from inner compulsion and are primarily organized 
by inherent inner mechanics and by an intrinsic physiology of development" 
(p 332) The chapter can be divided into four main divisions dealirg 
respectively with (1) the definition of such general terms as development, 
grovvth, maturation, and learning, (2) general biological principles re- 
garding the role of the genes, and of maturational factors generally, as 
determinants of physiological development, (3) maturation as the basis of 
much of the development of behavior in infancy, and of learning, intellectual 
development, and affective life m later years; and (4) maturation ns n 
regulating factor operating to pievent unusual environmental Influences 
from producing too unusual deviations from the norm Gescll’s general 
argument ia good, but it suffers from being carried too far, as when he 
declares "However potent and pervasive social environment may be, basic 
organization of the higher thought processes fs probably determined by 
primary ordering factors within the growing orgamsmic pattern" (p. 226). 
Such may be the case, but such n jump is necessary from his evidence to 
this conclusion, and his discussion is so empty of any suggestions for re- 
search whereby the conclusion could be given more meaning, that one 
suspects such statements rest only on the enthusiasm of the author for the 
general concept of maturation. The evaluation of this chapter is difficult. 
One warning that should be given is that many of its sentences need to be 
read and re-read before their meaning emerges surely (and even then the 
haze does not always clear) The most serious weakness of the chapter 
is perhaps the fact that It has, to too great a degree, the nature of a dis- 
cussion designed to prove a general proposition. It does not yield many 
suggestions for experimental investigation, and does not consider any of 
the arguments or evidence opposed to the point of view it defends. 

Mary Shirley's chapter, "Locomotor and visual-manual functions in the 
first two years," is devoted principally to two topics, the discussion of which 
is considerably intertwined development of infant behavior from the stand- 
point of norms of development, and development of behavior from the 
standpoint of the sequence of development Of the two topics, it is the 
second which receives the more prominent consideration, Shirley makes the 
interesting observation that the biographical studies of infants, although of 
course inadequate a9 means of securing norms of development, nevertheless 
contribute almost the only studies available on the sequence of infant 
development The data from these biographical studies nrc organized 
and presented in relation to the corresponding data from the studies by 
Shirley and by Charlotte Buhler. Considerable nttentiort is given also to 
some specialized studies of the development of hand reactions and of walk- 
ing This chapter is another fine addition to the Handbook It is easily 
read, has well-digested presentations of experimental work, and seems very 
sound in its general interpretations This chapter, together with Car- 
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michacl’B, affords an interesting answer to the frequent assertion that the 
maturation doctrine is more or less inevitably nn obstruction to research. 

Mary Cover Jones’s "Emotional development’' is a very considerable re- 
vision and improvement of her chapter m the first edition on "The condi- 
tioning of children’s emotions" Ilei discussion concerns these topics' the 
problems of what the primary emotional patterns nrc, and whether there 
arc any unlearned emotional lcsponses; the development of emotional re- 
sponses through maturation, the simpler experiments on emotional habits; 
the nature of tile situations that arc evocative, and the nature of the re- 
sponses made, in the ease of different specific emotions ut children, the 
iclation of internal and overt expression of emotion , and, finally, per- 
sonality-test studies of emotional stability and of delinquency, The ma- 
terial on these topics is covered clearly .ind effectively, but the value of 
the chapter is limited through the circumstance which she characterizes 
very well in her summary: 

. although the era of speculation . . . has given way to a 
period of cxtiemely active empirical study, our methods of 
investigation are still in a relatively crude state and we still 
have numerous controversial issues which do not yield readily 
to experimental attack (p, 298) 

As the author states, hei discussion is devoted principally to the theoretical 
aspects of emotional development rather than to the practical aspects, the 
latter being reserved for the chapter by Phyllis Blanchard on "The child 
with difficulties of adjustment" In addition, however, the author lias 
limited her treatment in still anolhei respect, by virtually restricting her 
discussion to laboratory experiments, simple obsei vationnl studies, and 
testing studies, The consequences of this restriction is that there is 3 
considerable gap— -in fact, almost a chasm — between her chapter and 
Blanchard's, This gap would have been smaller if she had discussed a 
number of problems that lest at least on good clinical evidence and which 
arc very important for the envisagement of the theoretical problems of 
emotional development, There is no discussion, for example, of the sig- 
nificance of emotions ns forms of motivation, or of the principle of substi- 
tute response in emotional behavior (except for an incidental comment in 
the discussion of jealousy), or of the more complex phases of emotional 
development The discussion snffeis somewhat from the fact that the 
author seems still too entranced with the conditioning theory of learning 
She disavows any reason for using conditioned- response te limnology ex- 
cept that of convenience, but no mateual is given which indicates any 
inadequacy in the traditional conditioned-! esponse Intel pretntion of emo- 
tional development 

The new chapter by Florence Goodenough on "The measurement of 
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mental growth” is one of the high points of the volume It deals with the 
more fundamental problems of mental test construction and interpretation, 
and with the interpretation of the results which have been secured on such 
matters as the curve of mental growth, the predictive value of test scores, 
and the intercorrelation between different traits, In other words, Good- 
enough has made jio attempt to give a catalog af what mental tests have 
been devised, how adequate their standardizations were, or by whom or for 
what pm poses they have been used, Rather, she has discussed those 
problems which a person must understand in order to possess a mature 
and critically sound understanding of research on mental tests, and which 
one must take into account in planning research that uses mental tests as a 
tool A somewhat smaller number of references are cited than m many 
of the other chapters, but the references used were chosen with great dis- 
crimination, and represent those studies that have been particularly sig- 
nificant in contributing to such a sophisticated understanding of mental 
test work A few of the topics in the chapter might well have been de- 
veloped more fully, but taken as a whole, this js the most distinguished 
piece of woik, from the standpoint of theoretical adequacy, in the whole 
volume 

The succeeding chapter by Dorothea McCarthy on “Language develop- 
ment” is another very fine contribution In tts style it is more like Car- 
michael's chapter — careful, thoiough, very compactly written, nnd well 
organized. It covers a great range of research, and does it well In the 
revision this chapter has been carefully worked over, both as regards addi- 
tions of new material and ns regards many details of expression and of 
organization. 

The excellent chapter by Charlotte Buhler on “The social behavior of 
children" has been enlarged by the addition of new material at scattered 
points, but otherwise 19 unchanged The only serious adverse criticism 
that can be made of this discussion is that it draws almost exclusively on 
German and Austrian studies for its material, A valuable complement to 
it is found m the section on social behavior m Stoddard and Wellman’s 
recent "Child Psychology” The latter is also n careful and stimulating 
discussion (and fortunately is one of the more readable portions of their 
book), and the American studies of social behavior in children are the ones 
stressed by it These two papers on the early development of social be- 
havior present a wealth of material which will prove of arresting (ntcrest 
not only to child psychologists, but to social psychologists as well. 

Joseph Peterson's "Learning in children” is a chapter which has been 
revised with the aid of the grafting knife, hut which should have been 
revised with the pruning hook or the "ixc Its pages are cluttered with 
dead wood, and it has little justification for being the second longest chapter 
in the book learning is an important topic, of course, in child psychology ; 
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but it should be remembeied that the subject of learning is considered at 
perhaps n dozen other places in the book, ns in the discussions of emotional 
development, language development, social behavior, speech pathology, and 
behavior difficulties With the material on learning in these special fields 
thus eliminated, there is not a great quantity of work of high scientific value 
remaining for this discussion It is chiefly the lavish use of space which 
causes this chapter to be so long Very detailed descriptions (up to fotu 
pages for a single study) are given of experiments that employed such 
small groups that the results have little significance. And in n number of 
these cases, the lesults arc given both m tables and in graphs Such a 
practice may be desirable in original reports (though with studies of as low 
reliability as many of these, even this is questionable), but the duplication 
does not belong here. Or again, in describing the disc-transfer problem, a 
full half-page is taken for a cut showing that n board ra used which has 
three circular areas on it — as though the nature of the thing could not be 
grasped from n few simple words in the text I A full page is devoted to a 
table showing the reactions of a college sophomore on Peterson’s rational 
learning problem — more space that tells the reader nothing that he would 
not have expected after leading the description of the nature of the prob- 
lem. Another page is given to a tabic showing the age norms for the 
rational learning problem na administered in a form which Peterson aban- 
doned in 1923, A half page is given to a cut showing the learning curve 
on this problem of 19 subjects — age, race, educational status, and every- 
thing eke unspecified Still other instances might bo noted. And yet, sur- 
prising in view of this generous use of space, much of the significant ma- 
terial on learning in children is not considered For example, there is 
nothing on studies of conditioning in children cither by Amcucan or Rus- 
sian workers, nothing on reminiscence in children, no mention of some of 
the classical experiments on transfer of training, and no mention of 
Gates’s study of the influence of active recitation. There arc some good 
sections, such as the summaiy of Ha£litt’s check of Piaget’s experiments on 
thinking, and the very good summary of Woodrow's experiment on learning 
in normal and feeble-minded children of the snmc mental age, but as a 
whole the chapter is distinctly unsatisfactory 
Vernon Jones's chapter on "Children’s morals” is, appropriately enough, 
a very conscientious piece of work, and affords a very excellent survey of 
objective-test studies of moral behavior The chapter, however, is not 
equally fine in some of its gcncrnl theoietical nspccts, although this portion 
of the discussion has been improved in the revision Senous objection can 
be made to the treatment given the material on the relation of intelligence, 
age, sex, race, and nationality to individual differences in motnhly la 
the section on "Influence of intelligence,” for instance, mntciial is piesentcd 
showing that Terman’s gifted children ranked higher on character tests 
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than did the control children, that the 4000 delinquents reported by Hcaly 
and Bronner had an average IQ of only 90, etc. No mention is made of 
the superior environments which the gifted children had, nor of the social, 
racial, and other factors affecting the IQ*s of Healy’g subjects The dis- 
cussion JS qualified only by the concluding paragraph of the section, which 
states definitely that the preceding discussion was not intended to imply that 
differences of intelligence were causally related to differences in morality, 
The treatment of the influence of age, sex, race, and nationality 3s analogous. 
Now, no objection can be made to this material in itself. It is good material 
for introducing a discussion of these factors on morality. But, why waa 
mnteriBl of this sort, developed no further than it was, placed m a division 
headed “Nature's contribution to individual differences in morality” — a 
division which begins, moreover, with the sentence, “Having considered the 
individual differences which exist in moral behavior, we are immediately 
faced with the problem of the causes of these differences”? If these sec* 
lions weie not intended to imply any causal relationship, why were they 
put in a division thus headed and introduced? And still further, why does 
the discussion not continue into the problem of whether these various factors 
art causally related to morality? The heart of scientific inquiry docs not 
consist merely in determining relationships, but consists in determining 
cS5C7itial relationships Moreover, there are good data, as foi example in 
Healy'a material, to answer the question as to' whether causal relations 
do exist here. In view of these limitations, it might be well to mention 
that a good supplement to this portion of Jones’s chapter is to be found m 
the discussion of delinquency in Curti’s "Child Psychology Another of 
the less satisfactory features of this chapter is that the problem of morals 
is treated in relative isolation from the other phases of personality (there 
is no mention, eg, of the frequent relation between neuroticcsm and 
scrupulosity) This separation is a typical weakness of discussions of 
moral behavior j but in a psychological discussion it is particularly desir- 
able to get away from this old limitation. Perhaps part of the reason for 
this shortcoming is that the author confines himself so largely to objective 
test data, and draws on case studies only for their general statistics and 
conclusions regarding the influence on moral behavior of various environ- 
mental factors The last part of the chapter discusses motivation and 
learning in relation to moral behavior, but the discussion in this section 
depends in good part on speculative works and on experiments which only 
by extrapolation could be considered as bearing on moral behavior 
The last chapter in Part III is Jean Piaget’s brief account of “Children’s 
philosophies," which has not been revised. It is difficult to see why this 
chapter was left unchanged. In the first place, although its materia] (a 
summary of Piaget’s findings on realism, animism, and artificmhsm) is 
Interesting and significant enough, this pnrt of Piaget’s work is hardly 
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more significant than many other parts The discuss ion would not have 
encroached on the othei chapters, and would have been much more deserv- 
ing of it3 place in the Handbook, if it had covcrctl the broader topic of 
"The nature and development of chiltlien'a thinking " Furthermore, if 
Piaget is not interested in relating his observations to the work and criti- 
cisms of others, it would seem desirable to secure an author who would 
give a move complete atul critical account of the work on children's think- 
ing. There is enough evidence to indicate that some of Piaget’s own 
conclusions nre in need of critical rc-evalu.ition 
Part IV, "Factors that modify child behavioi," opens with the masterful 
chapter by Harold E Jones on “Ordci of birth " The author reveals clearly 
and skillfully the dangers of interpretation involved in research on this 
topic, and uses this analysis very capably to evaluate the welter of evi- 
dence available The conclusions of the discussion art negative, but posi- 
tive notions are so common both in clinical discussions and in lay thought 
that it is important to have these negative conclusions established so care- 
fully. The revisions in this chapter are minor ones. 

The next chapter, by Kurt Lewm on “Environmental forces," is likely 
to occasion at least as much controversy as any othei in the Handbook 
Unfortunately, its placement in the volume will probably tend to increase 
the confusion apt to characterize this controveisy, and many of the re- 
marks by Lewin are likely to operate in this same direction. What I refer 
to is the fact that this chapter is not at nil a discussion of “environmental 
forces" in the sense in which this expression normally would be understood, 
and that, moreover, the purpose of this chapter is essentially different from 
that of U\o others \tv Port IV It dealt vuth environmental facton only mi 
the sense of a set of symbols representing not only the physical and social 
environment of the child as pete civ ed by the child, but also the motivations 
and meanings ordinarily thought of ns existing within the child Lewin’s 
purpose is not that of summarizing what 13 known regarding the influence 
of even this brondci range of fnctors, but is rathci the aim of picscnting 
a conceptual system which lie believes will facilitate the problem of under- 
standing and investigating the reactions of children to specific situations 
The reactions of many psychologists to this discussion doubtless will be 
unfavoi able It will be sold that all of Lewin’s principles can be expressed 
adequately in the familiar terms of the natme of the external situation, the 
motivations of the child, the child’s conditionings town id his environment 
(or the meanings which the environment has for the child), etc — and that, 
in shoit, although some of the cxpeiiments which lie describes are ingenious, 
the conceptual system which he erects is hut nil nwkwnid translation of more 
generally vised principles The answer to such ciiticisms winch occurs to 
me, and which I think might well have been presented in this chapter, is 
that Lewin'a system possibly has the merit of enabling one to deal with 
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complex situations as wholes by its reduction of qualitatively different 
things to commensurable terms. Psychologists of all schools are quite ready 
to agree that behavior cannot be adequately described uhless it is con- 
sidered 09 a reaction to the total situation, but practical difficulties arise 
when one tries to think in terms of such "total situations,” These diffi- 
culties arc the things that give Lcwin’s concepts their possible value, for 
it may he that his proccduic of translating motivations into environmental 
forces ( 01 , moie specifically, "valences"), meanings into "distances,” "direc- 
tions,” and "barriers," etc, will give a conceptual system which will facili- 
tate this important, but ticklish, task of visualizing the total situation in 
which nny reaction occurs Lewin docs not defend his system in this 
mannei, but depends rather upon the description of a number of experiments 
and observations by himself and his students that illustrate the meaning, 
and tend to demonstrate the methodological effectiveness, of the way of 
thinking about child behavior which he has developed. A much more 
appropriate Setting for this discussion would be a part which might very 
well be created on "Main ideological and methodological systems for the 
study and desciiption of child behavior" It should be mentioned, last of 
all, that this chapter has been revised rather extensively, chiefly with the 
intent of making the principles clearer, and also by the addition of new 
illustrative rnatenal 

The new chapter by Beth Wellman on "Sex differences" is a relatively 
brief, blit very able summary. The plan of the chapter is distinctly differ- 
ent fiom that of the others With each sub-topic, Wellmnn states the con- 
clusions that seem warranted on the basis of the available evidence, and 
then Cite9 in lump fashion the group of references fiom which the conclu- 
sions were () rs wn This plan compels one either to take on faith, or else 
to search out for oneself, the evidence for the conclusions given, and there- 
fore has disadvantages in comparison with the laborious demonstrations of 
II E Jones However, considering the relative uniformity of the results 
in this field and the great number of relevant studies, one can but be 
grateful to the authoi for choosing this style 

The new chapter by Lee Edward Travia on "Speech pathology” is an- 
other discussion that seems misplaced For, of course, speech pathology is 
not a genernl factor modifying child behavior, like birth order, sex charac- 
teristics, or physiological appetites, which arc present in all children, hut 
is on the contiary something that charactei izes n smnll minority of children 
In addition, Travis makes very little effort to show how speech difficulties 
affect the lest of a child’s life His material is piesentcd as bearing on the 
specific processes and pioblems of speech pathology Part III would there- 
fore seem to have been the more appropnate section for this discussion 
However, Travis' chapter is undeniably a worthy addition to the Handbook 
It is especially ample m the matter of evidence tending to support the 
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neurological interpretation of stuttering The chapter seems out of pro* 
portion in a few respects, however. No mention is mnilc of the fact that 
stutterers typically do not stutter when they arc by themselves or in situa- 
tions in which they have full confidence. Such facts do not necessarily 
disprove the evidence of the neurological studies, but they nre important 
neveithcless in indicating thot probably any neurological explanation must 
be qualified by a consideration of other factors ns well Such omissions 
can hardly be excused on the grounds of lack of space, because, for example, 
a rather appreciable discussion is devoted to aphasia and other speech dis- 
orders resulting from neurological lesions Except in very rare cnsc9, it is 
hard to see how 9uch matennl belongs in this chapter, unless Travis In- 
tended to deal with the second childhood as well as with the first. 

Heinrich Kluver’s chapter on "Eidetic imngery” i9 unchanged except for 
the addition of one reference This is another chapter that has received a 
rather questionable placement, because Kluver aces no reason far discussing 
eidetic imngery from the standpoint of its possible significance for child 
behavior or child education, but treats it simply as tm observed phenomenon 
which characterizes some children. 

The new chapter by William Blatz on "The physiological appetites" will 
prove a surprise to any reader who infers from the title that the discussion 
will draw heavily on physiological icsemch Such is not the case, The 
discussion docs concern what BIntz calls the six principal physiological 
appetites — hunger, thirst, elimination, rest, change, and sex — but, except for 
fleeting comments, the consideration of these is psychological and practical, 
rather than physiological Perhaps the best characterization of the chapter 
is given in the last paragraph, in which Blntz speaks of the matciial pre- 
sented as a “plan of training," and as a "clinical philosophy” Such being 
the case, this chapter corresponds somewhat to the one by Helen Woolley 
in the first edition It is broader in scope, however, both as lcgards the 
number of motives considered and in the adequacy with which these appe- 
tites and their influence on activity arc treated One flaw in the chapter is 
its lack of conciseness Furthermore, some of the minor points seem dubious 
— as for example, the argument on p, 729 that n child’s enjoyment or dislike 
af a food is not the factor that controls his behavior, but that likes and 
dislikes are the result of approaching and withdrawing attitudes that have 
been set up by past training (I presume that this is the Jamcs-Lange theca y 
of emotion, in disguise). As a whole, however, the chapter shows the 
results not only of intelligence and good sense, but also of extensive prac- 
tical experience in work with infants nnd preschool children 
Part V of the Handbook, "Studies of special groups,’ 4 opens with a chap- 
ter on “The gifted child" by Lewis M Tcrman nnd Uarbnia Burks This 
is a very considerable enlargement of Termnn’a chaptei on the same subject 
in the first edition. The changes consist mainly in the inclusion of sum- 
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mariea of material from a much greater number of studies of gifted c Wil- 
dren, and of an extension of the discussion of the education of gifted 
children and of the significance of studies of gifted children for the inter- 
pretation of genius The chapter is a well-balanced and very capable piece 
of work. 

Rudolf Pintner’s valuable, chapter, “The feebleminded child/' stands 
almost unchanged, the only alterations in the text being those on pages 
814, 829, 830, 834, 835, and 836, each change, being only the addition or 
change of a sentence Somewhat more ample additions might not have 
been out of order The recent book by Doll, Phelps, and Melcher on 
“Mental deficiency due to birth lnjunes,” for instance, gets only the pass- 
ing recognition of this sentence “Birth injuries may sometimes lead to 
mental deficiency according to Doll el aV‘ (p 834) If Pintner was aiming 
at brevity, it is difficult to see why he inserted anything but the number 
referring to this item in his bibliography, for the sentence says nothing not 
contained in the title of the book 

Leta S Hollingworth’s “The child of special gifts or special deficiencies/ 1 
was in need of drastic revision, but it stands virtually unaltered. The 
chapter is not up to the level of the lest of the book ft is written ns 
though the leader were not expected to understand the meaning of a corre- 
lation coefficient; whereas, of couise, if this typified the preparation of a 
reader, heaven help him with the rest of the volume I There are quite a 
few statements in the chapter that seem highly questionable and even objec- 
tionable Some examples are the following. 

The IQ , , , is the quantitative statement of the amount of 
general intelligence, or g, which characterizes any child 
(p. 843) 

Ability in problemg can probably not be greatly affected by 
drill, since "a problem” is, by definition, something that requires 
adjustment and not the response of automatic habit It there- 
fore ca ffs on general intelligence and cannot fie improved after 
the mechanics of reading and of calculation have been mastered 
up to the limits of capacity, (p 851) 

“Social intelligence" is, in all probability', not a specialized set 
of mental functions, but merely an optimum section of the curve 
for j7 (determined by ratio to the median intelligence of the 
led), combined with certain physical and temperamental traits. 

(P 853) 

It js true, as Hollingworth says in the early part of her chapter, that the 
investigation of these special abilities and disabilities has not been extensive 
yet, but at least there is material which demands a much more adequate 
treatment than the present one 
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The new chapter by Phyllis Hlanchard on “The child with difficulties of 
adjustment'' discusses the causation and treatment of delinquency and of 
emotional maladjustments in children This chapter has a number of cor- 
respondences with that in the first edition by Anna Freud on “Psychoanaly- 
sis of the child," for in addition to some natural similarity in subject matter, 
there is some appreciable resemblance in interpretations Blanchard’s 
discussion reveals that she is highly conversant, as well as sympathetic, 
with the psychoanalytic methods and concepts. As n matter of fact, in dis- 
cussing the causes of delinquency 9hc shows perhaps too much tendency to 
rely on psychoanalytic explanations, and does not have enough of a socio- 
logical or social-psychological approach to these problems, Little attention 
is given to the rather considerable evidence that a great deal of delin- 
quency is due to the meanings, or definitions of situations, which some 
children very normally possess as a result of the influence of their social 
environment Another difficulty with this chapter is that there exists 
too great a gap between it and the chapters on emotional and social devel- 
opment which should have led up to it Of couise, several remedies will 
suggest themselves for this gap. Probnbly n number of psychologists will 
feel, “Why not get someone to deal with tins problem who won’t dabble 
around in the tangle of psychoanalytic piinciplcs, but who will stick to n 
straight psychological interpretation of difficulties of child adjustment?" 
The difficulty with this suggestion is that, among those woikers actually 
dealing with adjustment problems, there has been a steady and increasing 
trend toward the utilization of psychoanalytic principles, whether expicssed 
m the orthodox terminology or translated into some new set of terms Such 
being the case, it would be both presumptuous and unwise for workers 
in general child psychology to insist that their concepts should be used in 
this much more complex field of personality difficulties The solution of 
the pioblem would seem to me to be rather to rccogni/e the existence of this 
gap as indicating a real need for another chapter in the Handbook Both 
from an ideological and methodological standpoint psychoanalysis represents 
such a distinctive nnd impoitant approach to the problems of child psy- 
chology that it might reasonably be given moie definite repi esentalion The 
chapter by Anna Freud, however, hardly met this need, oot perhaps would 
any chapter written by any regular psychoanalyst, because they are too con- 
temptuously negligent of academic psychology to know how to integrate 
their work with ordinary child psychology And that is what would be 
needed most in such an additional chnptci — to show resemblances, conflicts 
of principle, etc The chapter should be written by someone who has a sym- 
pathetic understanding both of psychoanalysis and of those portions of child 
and general psychology bearing on similar problems, and who also is able 
to view both fields objectively and ci ideally It should include nt least 
nn elucidation of child-psychoanalytic methods nml principles, a cutiusni 
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of these in the light of general psychology and In the light of ordinary 
logic (sec, e g., the review by R R Willoughby of Melanie Klein’s “The 
Psycho-analysis of children,” J Soc. Psychol , 1933, 4, 257-260), and a criti- 
cism of ordinary child psychology m the light of psychoanalytic work, 
Blanchard does accomplish these purposes to some degree, but her responsi- 
bilities to the topic of the chapter preclude her giving the more comprehem 
sivc view of the pioblem which seems to be needed, 

Another new chapter is Letn S HoNingwortVa on "The adolescent child," 
The chapter rs virtually n condensation of her book, "The psychology of 
the adolescent," and has the virtues of that simply written, but very wise, 
discussion In other words, the discussion is centeied around the main 
problems of adjustment that the adolescent has to accomplish, rather than 
being organized putnarily with reference to what topics have been given 
extensive rcseaich development. 

The ln9t chapter of the book is the stimulating one by Margaret Mead 
on “The primitive child ” It is unchanged from the first edition 


General Criticisms of the Handbook 

The first general criticism which is demanded by a volume such as this 
ib a criticism of its choice of topics and distribution of emphasis. A num- 
ber of comments have already been made on this matter, and peed not be 
repeated One further suggestion, however, is that it is very surprising 
that the part on "Factors modifying child behavior" does not include a 
chapter on hereditary influences 

A second general criticism concerns the type of treatment given the 
various topics by the diffeient authors A diversity of types of treatment 
is present in this volume, as has been noted above In the main, this 
diversity is not an undesirable characteristic, because, despite the differ- 
ences, almost all of the chapters have been mature and scholarly pieces 
of work, and the different topics, moreover, demanded rather different 
styles of treatment In some fields the possible research problems have been 
fairly completely mapped out and developed. In 9uch fields, of course, the 
style of treatment can he mainly that of the historical summary In other 
fields the situation is different and demands another approach. 

However, although considerable diversity in style may be legitimate, the 
Handbook would be definitely improved if there could be a rather general 
shift in style in many of the chapters in the direction of providing a rioher 
theoretical setting for the discussion of specific past research It is true 
of most of the divisions of child psychology, as a number of the authors 
have remarked regarding their specific fields, that many of the most im- 
portant hypotheses me as yet untested, and perhaps to date are not even 
generally recognized as problems needing investigation Such being the 
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ca 9 c, what would seem dcsiiable with each topic would be to place the 
summary of past work in the framework of a critical discussion, first, of 
the methodological principles of that particular field, and second, of the 
issues which, on the basis of all direct and indirect evidence, seem to be the 
ones on which research ought to be clone in order that the field would be 
adequately developed, Child psychology, despite all the work that has 
been done, is still far fiom being a finished science Such being the case, 
the good child psychologist is not the person whose mental equipment is 
composed solely of knowledge of the past icscarch in the field, but is the 
one who is able to see, as well, (he gaps in this re9cnich and the means 
whereby these can be filled 

It perhnps would be a risky thing for the Handbook to try to develop 
in this suggested direction, because the technique for describing and evalu- 
ating past lesearch has become much more standardized and dependable 
thou pcrhnp9 can ever be the case with the task of formulating the hypothe- 
ses that arc needed to round out fully the development of any topic, If 
the style of treatment could be developed in this direction, however, it 
might considerably increase the value of the Handbook, because it would 
promote a belter understanding of pnst resenreh studies through assisting 
the reader to sec them in proper perspective, and it would, as well, afford 
consideiable stimulation nnd guidance for further rcsc.ucli 

This Handbook is not perfect. There is still room for development and 
improvement. However, it would be a mistake to end on a negative note, 
because the reading of the Handbook Itself lenves one with quite n different 
impression — nn impression of deep icspect for this solid nnd scholarly piece 
of work There is no doubt but that the reading of this volume will richly 
repay those psychologists whose interest is serious enough to make them 
willing to read and ponder its pnges 

Rorfrt Lefi-er 

Cornell College 
Ml Vernon, lo<wa 
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